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CHAPTER I 
GENERAL INTRODUCTION 
Penaeid shrimps are, perhaps, the most i mportant fishery resource 
of the coastal waters of our country. Their exceptionally tasty, 
protein-rich flesh tops any seafood in foreign exchange earnings. No 
wonder , the demand oC shrimp, the "Pinkish Gold of the Sea" OIPEDA, 
1992), is increasing in the world market. The high demand of shrimp in 
the developed countries, espec ially USA and Japan, since the beginning 
of the sixties, has been a strong incentive Cor de veloping countries 
with good shrimp fishery grounds, to concentrate on this Cisher y . 
Although penaeid species are Cound in all the seas of the world upto 
subpolar latitudes, their . distribution is mainly tropical and 
subtropical (Wickins, 1976a). Most oC the species of high commercial 
value, and their most productive fishing grounds, are d istributed 
between the tropics (Pedinl, 1981). 
The high demand and the high price ot shrimp in the International 
market have led to a rapid increase in the number of shrimp trawlers in 
the fishing fleets oC the developing countries, r esulting in inte nsive 
exploitation, rather overexploitation, of this r esource; shrimp fishe ry 
of many of the countries, t hus, has been deple ted , is fast dwindllng, 
or has reached the maximum s ustainable yield . The global production of 
shrimp by capture had alread y levelled oft in 1985 at 1.9-2.0 million 
mt. The a verage annual growth fro m 1985 to 1990 was only 0 .02:1: ; indeed 
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negligible by all standards (Csavas, 1993). Since the capture shrimp 
fishery in terms of CPUE has been stagnating for the last several 
years, any further increase to close the supply-demand gap can be 
achieved only through aquaculture; shrimp c ulture has already gained 
considerable momentum in many parts of the world. 
The author wishes to add a note of clarification at this 
juncture, regarding the distinction bet ween the two 
terms~shrimp and prawn-, which are still loosely and 
arbitrarily used in literature, so that often they appear as 
synonyms, despite the consensus arrived at the World 
Conference on the Biology and Culture of Shrimps and Prawns 
held in Mexico City in 1967, to restrict the term 'prawn' to 
freshwater forms and 'shrimp' to their marine and 
brackish water counterparts. ThroughOut this text, these two 
terms are used as recommended by the said world conference 
and later emphasi:;ed by Csavas (988) . 
By virture of the ideal conditions for pond construction, seed 
avaU"bility, favourable climate and above all, the inclination of the 
Asian people, fish culture has long been practised in Asia, right from 
the time of Wen Wang, the founder of the Chou Dynasty 0135-1122 B.C.). 
Fish culture first emerged as a profitable business by 460 B.C. in 
China. Large-scale brackish water pond culture of fish and shrimp had 
its beginning in southeast Asia (Fast, 1991). By 1400 A.D. itself, 
milkfish (Chanos chanos) and several other species of brackish water 
fishes began to be cultured in Indonesia (Ling, 1977). According to 
Pad Ian (1987), lraditional brackishwaler shrimp farming might have 
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started about three centuries ago, in the Far East. Extensive system of 
shrimp farming in paddy fields around lagoons and backwaters in Kerala 
and West Bengal in India has been existing from historical times 
(Padlan, 1987). This extensive system of farming is the forerunner of 
the present-day improved, but low technology practice involving 
trapping, growing, and finally, capturing the animals. It would appear 
that very high intensive shrimp farming operation, with the aid of 
sophisticated technology, is rather a very r ecent development, barely 
20-30 years old . 
The pioneering works in slirimp culture research were carried out 
in the 1930s; the most important aspect studied was larval rearing. In 
1934, Dr. Fujinaga, the father of shrimp culture, had successfully 
spawned and partially reared, for the first time, the larvae of PellIieus 
japonicus (Hudinaga, 1942). Later, Hudlnga and co-workers also ac hieved 
success with the rearing of P. japonicus larva (Hudinaga and Kittaka, 
1967). A succeeding breakthrough-the artificial rearing of P. 
monodon-was achieved in 1968 (Llao et a/. , 1969). Larval rearing 
techniques for P. vanllIimei were developed in the early 1980s (Llao, 
1990). Another important development that, in fact, revolutionised the 
field of shrimp culture was the commercial produc tion of formulated 
feed; preliminary breakthrough in feed formulation t echnology occurred 
in the mid seventies. The dramatic increase in the share of cultured 
shrimp in the total world production of sh rimp, from a paltry 2. 1% In 
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1981 to a significant 22% in 1988, stands testimony to the impact 
formulated feed has had in shrimp culture (Liao, 1990). 
Notwithstanding these developments, intensification of production 
from the extensive grow-out system was severely impeded for quite some 
time because of the severe shortage of post-larvae and juveniles for 
stocking . By the late 1960s and early 1970s, however, many of the 
constraints in captive reproduction of shrimp and seed availability 
were reduced or eliminated. This, in turn, resulted in the development 
of more intensive shrimp culture systems. The a verage shrimp production 
from the traditional extensive system is we ll under 500 kg/ha/year, 
whereas that from intensive culture may be te n times higher. 
Ultra-intensive culture systems can even prod uce more than 30,000 
kg/ha/year. It is technically possible to produce a very high quantity 
of shrimps from a small area, but the profit margins are the highest in 
the semi-intensive production range of 500 to 2500 kg/ha/year (Fast, 
1990. 
Ecuador was the leading country in shrimp culture in the mid 
19809. But it lost this status in 1987, when Taiwan came to the 
forefront. In 1988, there occurred a mass mortality crisis of cultured 
shrimps in Taiwan, which enabled China to beco me the new world leader 
in 1988; China retrained the position till 1991. In 1992 Thailand 
became the world leader; China finished second, Indonesia third and 
Ecuador fourth . 
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According to the latest statistics (Anon , 1994), the total world 
production of shrimp from farming, which clocked at 721,000 mt in 1992, 
declined to 609 ,000 mt in 1993. The eastern he misphere contributed to 
78X of the world production and the western, 22X. In 1993, 25X of the 
shrimp placed in the world market came from farms. Thailand still 
retains the first place, contributing 155,000 mt of farm-produced 
shrimp. Ecuador has improved its position, finishing second (90,000 mt) 
and Indonesia held the third place (80,000 mt), but China went down to 
the fifth place (50,000 mt). As of 1993, India holds the fourth 
position, with a contribution of 60,000 mt of farm-raised shrimp to the 
world market. 
As of ever, in 1993 also the tiger shrimp (Penaeus monodon) is 
• 
the major produce contributing to 56X of the world farm-raised shrimp; 
P. vannamei forms 19X and P. chinensis, 16X. 
Today, shrimp culture is most flourishing in the tropics, 
particularly in Asia and Latin America. The world production of shrimp 
from culture in 1992 was 7.21 x 105 mt-about 28X of the total world 
production <Rosenberry , 1992). Over 48,500 shrimp farms currently exist 
in more than 40 countries. The number of hatcheries is estimated to be 
about 3,000. The total area used Cor shrimp c ulture is 1,001,147 hll and 
the average production, 720 kg/ha/year (Rosenberry, 1992). The 
projected estimate of marine shrimp production from culture for 2000 
6 A.D. is about 1.1 x 10 mt (Fast, 1991). 
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Shrimp culture will probably continue to expand in the late 
1990s, but may be at a slower pace. Asia's production seems lo have 
reached peak levels, and China's has already r egister ed a decline from 
1991 to 1993 (Rosenberry, 1994). Even though shrimp farming activity in 
the Asian region continues to increase, as ind icaled by lhe increase 
both in the number of entrepreneurs and the area brought under farming , 
this region faces major constraints by way of insufficient infra-
structure facilities and expertise, pollution, disease and market 
fluctuations . Such constraints are very likely to impede the progress 
of shrimp farming all over the world in the coming years. 
Shrimp has been the prima donna of lhe Indian fishery exports 
since early 1910s (MPEDA, 1992); it continues to be so. Till 1981 , 
India was the world's largest shrimp producing and exporting country. 
Landings from capture fisheries were bel ween 175,000 and 200,000 mt 
during 1913-81. It seems that production from this sec tor may not 
increase further, as the inshore waters are nearly full y exploiled. 
Deep sea exploitation of shrimp resources is not only highly capital 
intensive, but its results are unpredictable as well; it is not likely 
to make any substantial additional contribution to the shrimp 
production of thls country. However , the consumer demand for shrimp 
continues to increase world over. In this siluation, aquaculture is the 
only way out for India to augmenl its shrimp production and to maintain 
its position as one of the leading shrimp producing and exporting 
countries of the world. 
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India is one oC the Cew countries blessed with ric h natural 
resources for fish and shrimp far ming. It has 7,500 k m coastline. The 
brackish water area a vailable for aquaculture in the country is about 
1.4 million ha, oC which only 80,000 ha are no w under shrimp farming 
though; in 70% of this area traditional exte nsive me thod of culture 
alone is practised even now. In 1993, India produced 60,000 mt of 
cultured shrimp; Crom 4,000 farms at an a verage production of 750 
kg/ha/year The Indian shrimp farming scenario of 1993 wl1s as follows 
(after Rose nberry , 1994). 
Total area under farming 80,000 ha 
Total production 60,000 mt live wt. 
Mean production 750 kg live wt.lha 
Number oC farms 4,000 
Extensive Semi-intensive Intensive 
70% 25% 5% 
Number oC hatcheries 30 
Small-scale Medium-scale Large-scale 
55% 35% 10% 
Species cultured P. monodon P. indic us Ot he r s 
60% 20% 20% 
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There is great scope tor expanding shrimp culture in India. Even 
with the extensive type of culture, it the as yet unused acreage is 
brought under shrimp cultivation, the annual production could be easily 
increased to 100,000 mt (Muthu, 1978). As the shrimp industry is 
export--Qriented, the additional yield from aquac ulture of shrimp will 
bring in more foreign exchange and will also improve the rural economy 
of the country. Today, shrimp farming is one of the most profitable 
enterprises; no wonder, many national and multi-national corporate as 
well as other companies are trying to wake this "sleeping giant" by 
profusely investing in this industry in the maritime States of India, 
such as Andhra Pradesh, Tamil Nadu and West Bengal. 
It is Kerala, the small southwest State of the Indian sub-
continent, that put India on the map of shrimp exporting countries of 
the world. The waterspread of brackish water lakes and the adjacent low 
lying fields and mangrove swamps in this State is estimated at about 
242,000 ha (Tharakan, 199)). A traditional system of shrimp farming in 
paddy fields, popularly known as "prawn filtl'ation", is practised in 
more than 4,500 ha of the low lying coastal brackish water fields 
adjoining the Vembanad Lake. These fields, ranging in size from less 
than 0.5 ha to more than 10 ha, lying mainly in the coastal villages of 
Alleppey, Ernakulam and Trichur districts, and confluent with the 
Vembanad Lake through canals, are subjected to tidal influence. The 
farming system involves entrapment of juvenile shrimps brought in by 
the tidewater in the fields and catching them by filtration at regular 
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intervals. These fields are used for growing paddy during the southwest 
monsoon season (June-September) and shrimps during the rest of the 
year. During the southwest monsoon, the heavy precipitation makes the 
waters of the Vembanad Lake almost fresh , and the paddy fields are 
inundated by freshwater. During this period, a special variety of paddy 
called "Pokkali", which is tolerant to salinities upto 8 ppt, is grown 
in these fields. 
After the paddy is harvested, the fields are leased out to shrimp 
farmers from October to April. During this period , the salinity of the 
water in the feeder canals increases so that paddy cannot be grown. The 
bunds and sluices are repaired. The decaying paddy stalks provide a 
. good substratum for the growth of periphyton. The juveniles of shrimps 
and fish that are natural inhabitants of the bac k water syste m, e nter 
the fields along with the tidewater . They feed on the rich detritus, 
periphyton and plankton and grow rapidly . During low tide, the shrimps 
and fish are prevented from escaping from the fields by placing nylon 
screens in the sluices. Fishing starts in December and continues till 
April. Fishing is done at night or in the early morning, during low 
tide, for 6-8 days about the new- and full moon phases. The average 
shrimp catch from these fields is around 300 kg/ha for a period of five 
months (Tharakan, 1991). At the end of the lease period , the fields are 
handed back to the owners for paddy cultivation. 
Th.,.e · are some disadvantages for this type of culture. It is not 
possible to control the species composition or the density of the 
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population of shrimps. The natural supply of seed flu ctuates widely 
both in species composition and abundance fro m year to year and, 
therefore, the yield is highly variable. Of late, the production of 
shrimp from these fields is declining mainly because of t he decline in 
larval recruitment of shrimps consequent on poll u tion and other types 
of human inlerference such as reclamatio n of back waters, deforestation 
of mangroves , indiscriminate exploitation of ju venil es with stake nets 
etc. Yet another factor is predators ; they e nle r into the fields along 
with shrimp seed, prey upon the seed and lhus drastically curtail lhe 
yield. 
To overcome these difficulties and lo ge t mor e profit from s hrimp 
'culture, monoculture of desirable species of shrimps has been star led 
recently in Kerala. This smail-scale, s e mi-inte nsive form of c ulture 
involves controlled stocking with known numbe r of shrimp larvae 
collected from the wild or produced arlificially in hatc he ries. 
Supplementary feed is given to enhance the growth rate. The yie ld is 
highly variable depending on the nature of the ponds, the fe rtil izers 
used, the stocking density, the food give n and the species cultivated . 
In Kerala this type of culture has been take n up by a fe w e nthusiastic 
farmers mainly in Alleppey and Ernakulam distric ts. They are stocking 
the ponds with Penaeus monodon seed obtained mainly from hatc he ries in 
other States. 
The tiger shrimp, P. DJo/Jodun. is univeJ' sall y r ecognised 113 one or 
the most important cultured species, partic ularl y in the tropical 
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southeast Asian countries. It is a fast growing, euryhaline, omnivorous 
and hardy species well known for its delicious flesh and high 
commercial value. Reaching a maximum length of about 330-340 mID, it is 
the largest and the fastest growing far m-raised shrimp species and it 
contributes to the major share of shrimp production from farming . This 
species contributed to about 56X of the world farm-raised shrimp in 
1993 and 60X of the total cultured shrimp produced in India in 1993 
(Rosenberry, 1994). 
Semi-intensive shrimp farming is being widely practised in many 
parts of the southeast Asian countries. In India, in Nellore (Andhra 
Pradesh) and in Tutlcorin (Tamil Nadu) the activity is hectic. But this 
. system of farming shrimp is still in its infancy in Kerala State. 
However, some farmers have taken to monoculture of the tiger shrimp, 
though in a semi-scientific way. Of late, the number of such farmers is 
also increasing. Nevertheless, a perusal of the lite rature will r eveal 
that, so far, there has been no serious atte mpts to study the various 
aspects of this small-scale, semi-intensive P. monodon culture practice 
in this State. This lack of information prompted the present study 
which was an attempt at IIIB,king a detailed study on, 
(I) the physico-chemical characteristics of the small-scale, semi-
intensive tiger shrimp culture syste ms, 
(ii) the growth and survival of tiger shrimp in selec ted se mi-
intensive, monoculture systems, 
., 
" . 
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(iii) the efficacy of certain supplementary feeds, both natural and 
formulated, that are being used by shrimp farme rs of the State, 
on the overall performance of shrimp in lhese systems , and 
Civ) the economics of the small-scale, semi-intensive tiger shrimp 
culture in this State. 
Culture Systems Selected 
In Kerala, shrimp farming is very popular in the two central 
districts-Alleppey and Ernakulam. The names and addresses of shrimp 
farmers in these two districts were procured from The Marine Products 
Export Development Authority (MPEDA), Cochin. First, a survey was 
conducted to evaluate the shrimp farming practices In the two 
districts. Based on this, three regions (Pallithode in Alleppey and 
Chellanam and Kannamaly in Ernakulam), where shrimp farming is done in 
a more or less scientific way, were selected (Fig. I) . From each 
region, three ponds which have somewhat similar management practices, 
were chosen. Altogether, nine ponds were selected for the study: three 
each from Pallithode, Chellanam and Kannamaly . 
The general features of the nine ponds selected are shown in 
Table 1. In the selected regions sufficient salinity prevails for 8-10 
months in an year and, therefore, two cultures pe r year are done in 
these regions. The study was conducted during 1991-92; altogether, 36 
culture operations were studied . The period of the c ulture ope rations 
were as shown In Table 2. For the sake of collve nie nce, the 36 culture 
operations studied were designated as sho wn ill Table 3. 
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According to Fast (991), the ge neral characteristics of the 
semi-intensive shrimp culture systems are the following . 
Semi-intensive culture is conducted above the high tide level. 
Ponds are generally smaller than those in extensive systems and they 
tend to be more regular in shape . Fertilization is done in mos t cases. 
The stocking rates range from 25,000 to 200,000 post-larvae/ha, with 
the stock coining both from the wild and from halcheries. Since ther e is 
more competition for natural food in semi-inte nsive systems, 
supplementary feed is provided . Pumps, ge nerally diesel pumps, exchange 
5-20% of the water every day . In some cases the post-larvae are held in 
special nursery ponds for 1-2 months before they are slacked in the 
. grow-out ponds. Artificial aeration by mechanical means, such as paddle 
wheel, is sometimes done. Shrimp production from such semi-intensive 
culture systems ranges from 500 to 2,500 kg/ha/year . 
The characteristics of the small-scale, semi-intensive mono--
culture systems of Penaeus monodon practised in Kerala are almost 
similar to those described above. However, artificial aeration is nol 
common in Kerala at present; in none of lhe ponds se lec t ed for the 
present study, artificial aeration was give n. 
The general culture practices of the farms selecled were the 
following. 
1. The area of lhe ponds ranged from 0.5 ha to 1.0 ha. The dykes and 
sluices were repaired and maintained throughuut the cu ltUre 
period. 
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2. Drying the pond bottom, eradication of pests and predators, pond 
fertilization and water management were carried out in all the 
farms. 
3. The undrainable portions of the ponds, if any, were usually 
treated with mahua oil cake, or ammonia gas . <Instead of ammonia 
as such, some farmers used lime in combination with ammonium 
sulphate). 
4. Atter preparing the dykes and eradicating pests/predators, ' the 
ponds were limed 000-600 kg/ha) . Atter this, the ponds were 
fertilized with organic and inorganic fertilizers. The organic 
fertilizer used was cattle manure (200-500 kg/ha) and the 
inorganic fertilizers used were superphosphate, musooriphos, 
ammonium sulphate or urea, either solitarily or in combination of 
two or more of these (20-75 kg/ha) . 
5. Hatchery-reared P. monodon post-larvae (PL 20), mainly obtained 
from other States, were used by all farmers. Two to three weeks 
after fertilization, stocking was done. A small portion of the 
pond was maintained as nursery by some farmers , whereas others 
initially stocked the material in hapas made of nylon net. 
6. For the first two days of stocking shrimps were not fed . Atter 
that, clam meat, chopped or ground in a mixer/grinder, was given 
dialy during the nursery raring period. 
7. After 10-15 days of nurse ry raring, the juve niles were r e leased 
into the grow-<Jut ponds. 
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8. In the grow-out ponds, clam meat, clam meat + compounded feed 
(dough baJJ), in ratios varying from 1 : 1 to 8 : I, or pelleted 
feed was given as supplementary feed.The feeding s chedule in the 
grow-out phase was as follows. 
Feeding was done twice daily from the third day of stocking 
on wards till the end of the culture period. Of the feed for a day, 
40~ was given in the morning (6 a. mol and the rest 60X in the 
evening (6 p.m.). A part of the feed was given in check trays (75 
cm x 75 cm) for monitoring the feed consumption by the shrimps; 
the rest was broadcast over the ponds . For ponds of 1 ha area 6 
check trays, of 0.8 and 0.75 ha area 5 and of 0.5 ha area 3 chec k 
trays were used . In a pond, 2-6" of feed/day (de pending on the 
days of culture as shown below) was equally distributed in the 
check trays. After 2 hours of feeding, the trays were retrieved 
and examined for feed consumption by shrimps. 
Feed for the morning or the evening session of feeding for a 
day was given as shown below. 
Distribution of feed 
Days of culture 
In check tray By broadcasting 
3 - 60 6" 94" 
61 - 90 4" 96X 
91 - 120 2" 98" 
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9. Water exchange rate was about 5-10% pe r day during the early days 
ot rearing and, towards the end of the culture operation, it was 
increased to nearly 20%. 
10. The culture period was 120 days. 
The quantity of lime and tertilizers used, the type of feed !liven 
and the estimated production of shrimp per haclre in the 36 c ulture 
operations studied are shown in Table 4. 
TABLE I 
Genera l featu r es of the nine ponds selected for the study 
SI. Location Pond Area Depth 
No . number (ha) Shape (em) Source of water Soi I type 
District Region 
1. I 0.50 Rectangular 90 Backwate r Clay-loam 
2. All eppey Pall i thode 2 0.15 , , 80 , . 
• • 
3 . 3 1.00 
· , 
80 
· . • • 
4 . 1 0.80 • • 80 , . • • 
5. Chellanam 2 1.00 , . 80 , . , . 
II 6. I 3 0.80 i • • 80 , . • • Erna.kulam 
II 7. I i 1 1.00 I • • 120 , , • • II I 
8 . Kannwnaly 2 1 .00 • • 120 • • · . 
9 . 3 1.00 • • 120 · , · , 
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TABLE 2 
Period or shrimp culture in Pal I i thode , Chellanam and 
Kannamaly during 1991-1992 
Region Year I Culture II CuI ture 
Pall i thode 4 . 1.91 to 4.5.91 12.8 .9 1 to 12 . 12 .91 
Chellanam 1991 15 . 1.91 to 15 .5.91 4.8 .91 to 4 . 12.91 
Kannamal y 2.1.91 to 2.5.91 3.1.91 to 3.11.91 
Pall i thode 18.1.92 to 18.5 .92 4 .1.92 to 4.11.92 
Chel1anam 1992 10.1 .92 to 10.5 .92 3.8.92 to 3 . 12 .92 
Kannamaly 4.1.92 to 4.5.92 2.1.92 to 2 .11.92 
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TABLE 3 
Designation of the 36 culture operations studied 
Sl. Pond Year o f First or Designation No. District Region number culture second of cu lture 
culture number * 
1. 1 P. J. 1/91 2. 2 I P.2. II91 3. 3 P.3. 1/91 
1991 4. 1 P. 1. 1I/91 5. 2 II P.2 . 1I/91 6. 3 P.3.II/91 Alleppey Pall ithode 
7. 1 P.1. II92 8. 2 I P.2. II92 
, 9. 3 P.3. II92 
1992 10. 1 P.1.1I/92 11. 2 II P.2.II/92 12. 3 P.3. II/92 
13 . 1 C.1. II91 14. 2 I C.2. 1191 15 . 3 C.3 . 1/91 
1991 16 . 1 C. I.TT /!! I 17. 2 11 C. 2. j 1/9 1 i8 . 3 C.3 .1I /9 1 Chellanam 
19 . 1 C. 1. 1/92 20. 2 I C.2. 1192 21. 3 C.3. II92 
1992 22. 1 C. I. II/92 23 . 2 II C.2 . 11192 24 . 3 C.3 . I [192 Ernakulam 
25. 1 K.1. 1/9 1 26. 2 I K. 2. 119 1 27. 3 K.3 . 1191 199 1 28 . I K. I.1I /91 29. 2 II K. 2.1I/91 30. 3 K.3.II/9 1 Kannamaly 
31. 1 K.1. II92 32. 2 I K.2 . 1192 33. 3 K.3 . 1192 1992 34. I K. 1. II/92 35. 2 II K. 2. II/92 36 . 3 K.3.11192 
• Region . Pond number .CUlture numberlyear 
P = Pall ithode; C = Chellanam; K = Kannamaly 
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"" TABLE 4 
Quantity of lime and fertil i zers used, the feed type given and 
the estimated production/ha in nille ponds (3 each from three 
regions; total 36 cu ltures in two years) from the three 
r eg ions (Pall ithude, Che llanam and KarlIlama ly) 
in Al leppey and Ernakulam distri c ts 
SI. CuI lure Lime Fertilizer (kg/ha) Feed Produc t i onlha No. number 0 (kg/ha) type ** (kg) Organi c Inorgani c 
1. P.1. 1191 300 300 20 F3 768 2. P.2. 1191 267 260 25 Fl 821 3. P.3 . 1191 200 300 20 FI 576 4. P. 1.11/91 500 250 30 F3 1154 5. P.2.Il/91 467 200 25 Fl 756 6 . P.3. II/91 200 200 30 Fl 810 7 . P.l. 1/92 500 350 40 F3 1344 8. P.2. 1192 400 300 50 Fl 840 9. P.3 . 1192 300 250 40 Fl 848 10. P.1. II/92 600 400 40 F3 1536 11. P.2.II/92 350 300 30 Fl 9 10 12. P.3.II/92 300 250 30 Fl 1008 
Mean 365.33 280.00 31 . 67 947 .58 
13. C. 1. 1/91 250 200 19 F2 713 14. C.2. 1191 300 200 50 F2 675 15 . C.3. 1191 375 200 75 FI 675 16. C.l.II/91 313 200 25 1'2 780 17. C.2 . Il/91 250 250 50 F2 11 76 18. C.3.II/91 SOO 200 63 1'1 700 19. C.1. 1192 250 300 25 1'2 560 20. C.2. 1192 100 250 60 1'2 750 21. C.3. 1192 500 200 75 F1 900 22 . C. I . II/92 200 200 31 1'2 1233 23. C. 2. II/92 200 150 60 F2 11 82 24. C.3.II/92 500 200 75 F1 1215 
Mean 311. 50 212.50 50 .67 886 . 58 
25. K.l. 1191 200 300 50 1'2 786 26. K.2. 1/91 100 400 40 Fl 720 27. K.3 . 1191 100 350 30 Fl 735 28. K.I.II/91 200 350 50 F2 960 29. K.2.II/91 100 300 40 F1 1035 30. K.3.II/91 100 400 40 Fl 1047 31. K.l . 1192 250 400 50 F2 1056 32 . K.2 . 1192 100 500 40 FI 11 34 33 . K.3. 1/92 100 500 40 Fl 1140 34. K. l.II/92 300 500 40 F2 1248 35 . K.2 . II/92 100 500 60 FI 1320 36. K.3.II/92 100 500 40 FI 1340 
Mean 145.83 416.67 43 .33 1043.42 
Grand Mean 274 .22 303.06 41 .89 959.20 
• Reg ion . Pond number . Cu I ture number Iyear 
P = Pall ithode; C = Chellanl1m; K = KaIUlamaly 
00 FI = Clam meat; F2 = Clam meat + Dough ball; F3 = Pe ll e ted reed 
Fig . 1 Part of the central west coas t of Ke ra la S lale, 
showing the three regions --Pallilhod e (t), Che lla nalll 
(2) and Kannamaly (3)- -se lpcled for lhe s lu tl y 
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CHAPTER II 
PHYSICO-CHEMICAL FEATURES OF THE CULTURE SITES 
Introduction 
A knowledge of the biotic and abiotic fac tors affec ting the 
cultivable species oC fish/she llfish is a pre-requisite for their 
successful culture. The culture pe rformance of shri mps and their 
survival and growth are influenced by e n vironmental conditions . Factors 
controlling the quality oC wate r which determines to a great exte nt lhe 
success or failure of culture operations, a r e e xtre mel y varied; 
. mainte nance of optimu m wate r qual ity is essential for the optimu m 
survival and growth of shrimps. 
Successful management of an aquac ulture sys t e m d e pends on a 
constant supply of nutrients necessary for lhe optimal g ro wlh of t he 
cultured species. A constant supply of nutrie nts depends heavily on 
rapid recycling, which is one of the mosl important fac tor s for 
maximising production in pond culture. Phosphate and nitrate play a 
significant role in the production oC aquatic organisms, espec ially 
micro- and macroplants. The supply oC nutrie nts is also d e pendent on 
the fertility of the bottom soil and soft sedi me nt, wh ich form the 
habitats for bottom organisms, particularl y shrimps. 
For augme nting fish / shrimp produc tio n in pond c ulture, the g ro wth 
of plankton and aquatic macrophytes is c ri tical, especiall y because 
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index for the quantity of organic matter in pond water. Hopkins et al. 
(991) studied the relation among feeding rate, paddle wheel aeration 
rate and the expected dissolved oxygen at dawn in intensive shrimp 
culture ponds. The results of this study indicate that the dissolved 
oxygen at dawn can be predicted based on the amount of feed applied per 
unit aeration. Visscher and Duerr (991) studied the water quality, and 
the microbial dynamics in shrimp ponds receiving bagasse-based feed. In 
1992, Boyd published an excellent report (Boyd, 1992) on the role of 
water quality and aeration in shrimp farming, which can be considered 
as a practir.a! manual for water quality management of shrimp culture 
ponds. Hudson and Lester (992) published the results oC their study on 
. the relation between water quality parameters and ectocommensal 
ciliates on cultured P. japonicus; they noted that as the water quality 
decreased, the number of Zoothamnium increased and the number oC 
Cothurnia decreased. 
Feed cost is usually the heaviest operating expense in 
aquaculture, orten representing half of the total operating ex pe nses oC 
a fish Carm. One effective alternative to overcome this is 
fertilization. It will not only simplify the whole process of 
fish/shrimp culture, but also will IQwer the labour cost and the total 
operating expenditure. The excellent r eview by Hickling (962) on pond 
fertilization has emphasised the efficiency of inorganic fertilizers 
and organic manure for Increasing the productivity of fish po nds . 
Bhimachar and Tripathi (966) expressed the view that lack of adequate 
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fish food organisms is one of the major causes of low produc tivity of 
brackish water fish ponds. They recommended the application of 
fertilizers for increasing pond productiv ity. Importance of the use of 
fertilizers and manure for brackish water fish c ulture has also bee n 
emphasised by Pillay (954) , Lin (968), Chen (1972) and Djajadiredja 
and Poernomo (972). Beneficial effect of combined treatme nt with 
different inorganic fertilizers has been r e ported by He phe r (962), 
Wrobel (962) and Singh et al. (972). Blanco (970) reported that 
production in brackish water ponds can be enhanced considerably by the 
addition of nitrogen and phosphorus fertilize rs along with organic 
manure. The addition of phosphorus and nitroge n to aquatic systems 
. increases phytoplankton and zooplankton population (Boyd, 1979). 
Chattopadhyay and Mandai (1980) studied the influence of co w dung along 
with inorganic fertilizers on some chemical and biological properties 
of the water and soil of brackish water po nds . 
Intense organic and chemical re rtilization of fish ponds can 
replace all the conventional reed require me nts and give fis h yields of 
15-31 kg/ha/day, with no suppleme ntal feed ing (Tang. 1970; Yashouv and 
Halev!, 1972; Schroeder, 1974; Sc hroeder and Hepher, 1976; Moav et al. 
1977). Such yields are similar to lhose attained with conve ntional 
feeds containing 25X protein and lOX fish Olea\. Benlhic mic r obial 
activity increases in response to sedimentalio n of phytoplankto n bloo ms 
and benthic biomass is capable of doubling because of inc reased 
microbial production (Grar et a/., 1982). Research done in Israe l by 
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Schroeder (1978) on organic fertilizers in fish c ulture systems may 
have applications to shrimp culture. This study has shown that increase 
in the microbial community which uses manure and organic matter, is 
adequate to increase fish growth in earthen ponds; increase in the 
benthic biomass would likewise be expec ted to inc rease shrimp 
production. Chattopadhyay and Mandai (1982), Chakrabarti (1984) and 
Andarias (1990) studied the influence of organic and inorganic 
fertilizers on the quality of the soil and wate r in brackish water 
culture ponds. 
In semi-intensive and intensive culture, shrimps are fed 
arlificial feed. The major parl of lhe feed se ltling tu lhe boltom is 
L'Onsumed by shrimps. Inorganic nutrienls released inlo the wale r from 
shrimp excrement and frum mic robial decompos itiun of uncale n feed , 
stimulate phytoplankton blooms. Phytoplankton have a short life span 
and they continually die and settle to the bottom. In some places water 
supplies contain settleable solids of appreciable organic matter 
content that gets deposited on the pond bottom. The net effect is thal 
a sediment containing appreciable amounts of organic matter is 
accu mulated over a period of time. This alters the shape of the pond 
bottom, reduces pond volume and provides organic substrate for 
microorganisms. Water currents are the weakest fit lhe Boil-water 
interphase. Here, since microorganisms rapidly decompose organic 
matter, dissolved oxygen may be exhausled fa s le r lhan il is d e live r ed 
by waler movement (Boyd, 1993). This can r esull in anae robic conditions 
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at the bottom, even though the wale r above may be thoroughly 
oxygenated. In anaerobic soil and sediment, mic roorganisms can produce 
nitrite, ferrous iron, hydroge n sulphide, methane and other r educed 
compounds that can harm shrimp. Thus , even if the water quality 
variables of the water colu mn are within tol erable ranges, poor soil 
condition can be a severe limilation lo shrimp prod uc tion, and this may 
be the prime reason for the poor growth, disease and mor talily often 
occurring in intensive and semi-intensive ponds. 
The imparlance of soil in brackish wale r aq uacu llure s ysl e m has 
been emphasised by Djajadiredja and Poernomo (1972). Soil nutrients and 
their role in plankton production are well studied (Baner jea, 1967; 
Banerjea and Ghosh, 1967; Banerjee and Bane rjee, 1975 ; Mollah e t 81., 
1979; Chattopadhyay and Mandai , 1980, 1982, ; Singh, 1980; Chakraborti 
et 81., 1986; Pradeep and Gupla, 1986). Maguire et 81. (1984) studied 
the macrobenthic fauna of brackish wate r shrimp farming ponds. Simpson 
and Pedini (985) investigated on the proble ms of ac id sulphate soils 
in the tropics and suggested manageme nt measures which can r educe the 
level of . acidity. Gilbert and Pillai (986) analysed the 
physico-chemical parameters of the soil in aquaculture systems located 
around Cochin back waters . Chien (1989) s tudied the sed imenl c he mislry 
of tiger shrimp ponds, kurama shrimp po nd s and redlai! s hrimp ponds. 
Chien and Ray (990) have made a compre he nsive study on the e rCents or 
stocking density and presence of sediment, on the survival and g r owth 
of P. monodon larvae. Kung vank ij et 8/. (J 990) have r e ported un the 
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recent trends In pond design, construction and manage ment strategy fur 
shrimp farming in acid sulphate soil in Thailand. Aravindakshan et al. 
(992) studied the benthos and suhstratum c harac teristics of shrimp 
culture fields in and around the Cochin backwaters . Boyd (1993), based 
on a detailed study of shrimp pond bottom soil characteristics and 
sediment chemistry, suggested management measures. Some other r ecent 
noteworthy publications relevant to the context are those by Gaviria et 
al. (1986), Chamberlain (1988) , Fast et al. (1988), Gately (1990) and 
Ayub (1992). 
Even though literature related to hydro biological parameters of 
brackish water culture systems oC India is a vailable from the sixties 
. onwards (Varma et al. , 1963; Mandai, 1964), information available on 
the physico-chemical characteristics oC shrimp culture ponds of Kerala 
is fragmentary and far from complete. George (974) studied certain 
aspects oC shrimp culture in the seasonal and pere nnial fields of 
Vypeen islands, Kerala. Gopinathan et al. (982), who studied the 
environmental characteristics of the seasonal and pe r ennial shrimp 
culture fields in Cochin, Kerala, found significant regional 
diffetences in primary productivity and in the faunistic composition of 
the epifauna and benthos of these fie ld s. Chakraborti e t al. (t9S5) 
studied the physico-che mical characteristics of brac kish water ponds in 
Kakd wip, West Bengal, and their influence on the survival, growth and 
production of P. monodon. They found that P. D1onodon production was 
positively correlated with salinity and temperature in the wate r phase, 
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and organic carbon, phosphorus and nitrogen in the soil phase , but not 
with depth, turbidity, pH, total alkalinity and primary productivity . 
Mathews (992) studied the ecological characters of extensive type of 
shrimp culture fields in the Cochin area. 
Evidently, hitherto no serious attempt seems to have been made to 
study the influence of the water quality parameters on the overall 
performance of shrimp cultured in the small-scale,se mi- intensive , 
monoculture systems of this State. It was, ther efore , thought 
worthwhile to study some of these aspecls in the s elect ed culture pond s 
in the hope of evolving as comprehensive a pietul'e as poss ible of lhe 
culture system. The waler qualily parlimele l' s (waler le mperat ure, 
salinity , DO, pH, alkalinity, nitrate, nitrite , phosphate and ammonia), 
which are believed to be the major fac lors deciding producliun f r OID 
aquaculture, were given importance in this stud y. 
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Materials and Methods 
During the culture period, fortnightly collections of water 
samples were taken from the selected culture ponds; collection was done 
between 8 and 10 a.m. Altogether five samples-four from the corner" 
and one from the centre of the ponds-were collected from E'.ach pond. 
Water samples, for the estimation of pH, salinity, total alkalinity, 
nitrate-N, nitrite-N, ammonia-N and reactive phosphorus, fron, the five 
sites of each pond were thoroughly mixed and from the mixture a 2 litre 
sample was brought to the laboratory in polythene bottles. In tbe 
laboratory all the parameters were estimated in duplicate. 
Air, water and soil temperatures were measured at the site 
itselC, using a o-50oC high precision thermometer. The pH of water was 
determined by using an Elico Digital pH meter, Model U-120 (Elico, 
India) , immediately on reaching the laboratory. 
Dissolved oxygen contents of the surface and bottom water were 
estimated by the Winkler's method with the a zide modification (Anon, 
1975). For this, water samples from the surface and bottom (five 
samples each) were collected in BOD bottles, appropriately fixed at the 
site itselC and brought to the laboratory; DO of each set of water 
samples was estimated and the average was calculated whic h was reckoned 
as the DO of surface or boltom wate r of Ii pond. 
Total alkalinity was estimated employing the method suggested by 
Boyd and Pillai (1984). The nutrie nts-nilrate-N, nitrite-N and 
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reactive phosphorus--were estimated by using the melhod of Mor ris and 
Riley as described by Strickland and Parsons (I968 ). Ammonia-N was 
determined by using the phenol h y pochlorite method (Solarzano, 1969). 
All the parameters are expressed in ppm. 
A Secchi disc tied to one end of a nylon rope was lower ed in the 
water column in five different parts of the pond and the depth at which 
the disc just disappeared was measured with a melr e scale. The ave rage 
of the five readings was taken as the Secchi disc visibility and was 
expressed in cm. The depth of the pond was measured b y lowering the 
Secchi disc upto the bottom at five parts of the pond s, and measuring 
the length of the rope from the disc to the upper wate r surface; the 
'five values were averaged and this value was taken as the a verage d e pth 
of the pond . 
In addition to the afore mentioned parameler s , soil t e mperatur,; 
and soil pH were also determined. For measuring t he pH ,;, soil , aboul 
25 g soil was dried and stirred wilh distil l" J waler and allowed lo 
setUe; pH of the supernatanl was measured wilh an Elico pH meler. 
For all parameters. in each pond , eight coll ections/ measure me nts 
were made during one culture operation, the average of whic h WflS 
"eckoned as the value of a paramete r for a given pond for that culture 
operation. The weighted average of the a verages for three ponds in one 
culture operation was calculated to get the value of the parameter for 
the I or II culture operation in a r egion in an year . Mean values for a 
year were calculated as the weighted a verages of the values for the six 
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c ulture operations in the relevant year. From lhe average values for 
the 12 culture operations in a region, the weighted average was 
calculated and this was reckoned as the mean value of the parameter for 
a given region. The method of calculation of lhe r e levant means of 
physico-chemical parameters is shown in Chart I . The data were analysed 
statistical1y employing ANOVA and simple linear correlation analyse s 
(Zar , 1974). 
Results 
The resulls of the analyses of physioo-chemicaJ paramelers of lhe 
culture sites are consolidated in Table 5 and Figs. 2-9. 
Mean air and water le mperatures (oC) in lhe three regions we r e 
somewhat similar. But soil temperature registered higher mean value for 
PaJlithode (30.06 :!: 0.56) than both for Chellanam (29 .10 + 0.57) and 
Kannamaly (27.72 :!: 1.32). Mean salinity (ppt) in Pallithode was also 
higher 06.30 + 5.82) than in Chellanam 04.41 + 4.91) and Kannamaly 
03.29 :!: 3.78). 
Water pH in all the three r egions was slightly toward the 
alkaline side; the highest mean value was recorded for Chellanam (7.86 
:!: 0.27) and the lowest for Pallithode <7.28 + 0.11). Beall pH of soil ill 
Chellanam (7.21 :!: 0.10) and Kannamaly (7.13 + 0. 10) was al so slighlly 
alkaline. But in Pallithode m .. an soil pH Le nded Lo be n .. Ilrly neuLml or 
slighlly acidic (6.93 :!: 0.10). 
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Mean dissolved oxygen contents (ppm) of surface waler in 
Pallithode (6.05 : 0.52) and Chellanam (6.06 : 0.23) were slightly 
higher than in Kannamaly (5.B4 : 0.34). A mor e or less silDi lar tre nd 
was noted for mean DO of bottom water in the Lhree r egions. 
Mean alkalinily (ppm) in Che llanam was as high as 92.67 + 11 .78. 
In Kannamaly it recorded a mean value of 72.54 + 8.50 anu in 
Pallilhoue, a comparatively low value of 65 .12 + 17.54 . 
Nitrate-N (ppm) had a ve ry high mean value for Kannamaly (0.64 : 
0.09) compared to Chellanam (0.31 : 0 .07) and Pallilhoue (0.27 : 0.07). 
But, mean nitrite-N (ppm) was strikingly similar In all the lhree 
regions (0.08 : 0.01 - 0.02). Mean ammonia-N (ppm ) values for Chellanam 
. and Kannamaly were similar 0.89 + 0.25 and 1.90 : 0.30, respectively); 
it registered a slightly higher value for Pallilhode (2.22 + 0.59). 
Mean values of reactive phosphorus (ppm) were the same in Pallithode 
and Chellanam (0.03 + 0.01), whereas it was as high as O.OB + 0.03 in 
Kannamaly. 
Mean values of Secchl disc vlsibUity (e m) were more or less 
similar for Chellanam (35 .56 : 3.15) and Kannamaly (36.36 .. 3.26); a 
slightly higher value was noted for Pallithode (40.35 + 6.ln. 
On the whole, the resulls suggesl lhal all lhe physi"o-e he mical 
parameters tested in the three regions were conducive for s hrimp 
culture. The mean values of most of the paramele rs (except salinity, 
alkalinity, nitrate-N and reactive-P) for the three r egions were 
apparently more or less similar. However, in single factor ANOVA (based 
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on the data for 12 culture operations in each r egion) r evealed that all 
parameters, except air t e mperature, wate r temperature , salinity, DO of 
surface water , nitrite-N, ammonia-N and Secchi disc visibility , 
registered statically significant differences be tween the three regions 
(Table 5) . Since such significant regio nal differences were registe r ed, 
data on nine water quality parameters (temperature, salinity, pH, DO of 
Burface water, alkalinity, nitrate-N, nitrite-N, ammo nia-N and 
reactive-P) of ponds in which the three diffe r e nt feed types (clam meat 
alone, clam meat + compounded feed and pe lleted feed) were used, we r e 
compared ' statistically (single fac tor ANOVA). The results showed that, 
of the nine parameters, only three (pll, alkalinity and amnlo nia-N ) 
differed significantly between the three feed treatme nts (pH F = 
7.501 , P < 0.01 ; alkalinity : F = 9.210; P ( 0 .00 1; ammo nia-N F = 
4.990, P ( 0 .05). 
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Discussion 
Chakraborti et al. (985) studied the physico-c hemical 
characteristics of brackish water ponds in Kakd wip and their influence 
on the survival, growth and production of P. monodon. They found that 
shrimp production was dependent on salinity and temperature of the 
water phase and organic carbon, available phosphorus and available 
nitrogen in the soil phase, but not on depth, turbidity, pR, total 
alkalinity and primary productivity. Howeve r, many earlier and late r 
workers disagree with Chakraborti and co-workers . 
Furness and Aldrich (1979) reported that no re lalion ex isted 
between the growth of brown shrimp and dissolved oxygen or pH leve ls of 
pond water . Rubright et al. (981) also r e ported similar results; they 
emphasised that, because of the complexity of biological communities in 
ponds, it is rather difficult to identify specific factors responsible 
for the increased shrimp yield. In fact. no experimental evid e nce 
exists to relate weight gain of shrimp wilh the primary poroduclivily . 
Lee and Shleser (984) found no correlation between growth rate of P. 
vannamei and water quality parameters. Garson et al. (986) concluded 
that low Burvival of P. stylirostris and P. vannamei was not correlated 
with low dissolved oxygen. Lee e t al. (986), who studied lhe growth 
and production of P. vannamei in manure fe rtilized syslems, reported 
that shrimp growth was not correlated wilh an y wale r qualily parameter. 
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The results of the present study also did not reveal any 
statistically significant correlation (simple linear correlation 
analysis) between water quality parameters and shrimp survival or 
growth. It would appear from the results that, the physico-chemical 
parameters of the ponds had only minimal influence on the growth and 
production of shrimps in the culture systems. However, it would be too 
premature to arrive at such a conclusion particularly in regard to 
poikilotherms, which are intimately associated with their milieu, so 
that even a minor alteration in the milieu may have significant e ffects 
on the life of these organisms (see Wedemayer, 1970). 
The culture performance of shrimp are undoubtedl Y influenced by 
environmental conditions which are very complex , and extremely varied 
as shown by Chiang et al. (\990) (see Fig. 10). It is obviously the 
inadequacy of the methodology that conceals the interrelations between 
the physico-chemical parameters and the performance of shrimp in 
culture; we still attempt to correlate the performance of a 
poikilotherm in a given ecosystem with individual ecological 
parameters, forgetting or rather ignoring the complexity of the 
ecological cycles existing in that ecosyste m. Evolving appropriate 
models that will account for the several ecological characteristics as 
well as their interrelations, alone is the remed y . And, until such 
models are evolved, fool-proof management measures in shrimp c ulture 
systems would remain elusive. 
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Analyses to find out correlations, if any, between the nine water 
quality parameters and the mean final weight of shrimp, biomass 
increase per day and production per hectare in culture operations with 
three feed types revealed that water temperature and biomass increase 
per day alone were consistently correlated (negatively) in the three 
feed treatments (Table 6). 
Simple linear correlation analysis of the data for 36 c ullure 
operalions revealed lhal survival rate was not correlated with 
salinity, water pH and DO of surface wate r. Similarly, salinity and 
production were also not correlaled. 
It may be concluded from the r esulls that. the overall 
performance of shrimp in the 36 culture operalions in the three regions 
studied were not consistently correlated with the physico-chemical 
features, as also reported by many earlier workers. 
TABLE 6 
Results of simple linear correlation analyses (r values) between selected water quality parameters and 
three cu l ture parameters in relation to the three feed types 
I Feed types 
Cui ture parameters 
Water qual i ty 
parameters 
Temperature 
Sal ini ty 
pH 
00- surface 
Total alkalinity 
Nitrate-N 
Nitrite-N 
Ammonia-N 
Reactive phosphorus 
* P ( 0.05 
** P ( 0.01 
*** P ( 0.00 1 
: 
Mean 
final 
weight 
-0 . 158 
-0.725*** 
0.058 
-0 . 082 
-0.053 
-0.094 
-0.247 
-0.603** 
0.375 
Clam meat II 
Biomass Production 
increase per ha 
per day 
-0 . 510* -0.238** 
-0.356 -0 . 178 
-0 . 166 -0.617** 
-0 . 372 0.197 
-0.217 -0.109 
0 . 553* -0.567** 
-0.057 -0.087 
-0.049 0.248 
0.514* -0.430 
Clam meat + Dough bal l II Pe l leted feed 
Mean Biomass Production Mean Biomass Produc tion 
final inc rease perha final increase perha 
weight per day weight per day 
-0.031 -0.696* -0.414** -0.074 -1.000*** -1 . 000*** 
-0.005 -0 109 -0 . 594* 0.319 -0 .518 -0.517 
0.013 -0.362 -0.572 0.236 -0.060 -0 . 059 
-0.002 0.297 -0.720** 0.669 -0.104 -0.139 
-0.001 -0.424 - 0.651* 0.923 -0.001 0.001 
0.013 0.198 0.333 -0.436 0.817 0.816 
0.050 -0.028 -0.154 -0.645 -0.225 -0 . 224 
0.052 0 . 327 0.391 0.069 0.961* 0.961* 
0.011 0.417 0.535 -0 . 058 0.511 0.509 
I 
.Fig. 10 Organic cycles in pond ecosysle m 
(after Chiang et a/., 1990) 
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CHAPTER ill 
GROWTH AND PRODUCTION OF SHRIMP 
Introduction 
The study of the growth of an organis m is important in 
understanding the conditions under whic h optimum growth occurs. It is 
also important in getting an insight into the various factors that 
influence growth. Studies on the growth pattern of commercially 
important species of shrimp and of the fac tors that influence their 
growth rate are essential for the successful culti vation of shrimps. 
The length-weight relations of cultured organisms is usefu l to 
culturiats in estimating the number of organisms in bulk-weighed 
samples, in setting feeding rates based on the percentage of body 
weight and in determining the time of harvest of organisms of market 
size. Length-weight data can also be used as a basis of comparison in 
calculating the relative exmdition factor (LeCren, 1951 ; Swingle and 
Shell, 1971; Grover and Juliano, 1976). Anderson and Linder (1958), 
Chin (1960), Kutkuhn (1962) , McCoy (1968) and Fontaine and Neal (971) 
have reported on the length-weight relations of several species of 
penaeid shrimps in the natural populations. Hutc hins et a/. (1979) 
studied the length-weight relations of differenl species of shrimps in 
culture systems. 
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Lee and Shleser (984) r e ported on rapid g rowth of s hrimp in 
ponds fertilized with cattle manure. Some workers have, on the other 
hand, found a negative growth response to fertilization (Rubright e t 
aI., 19BI; Garson et a1., 19B6). Wyban et a1. (l9B7a) studied the 
growth of P. vannamei in manure-fe rtilized punds; they r eported 
negative correlation between stocking density and growth. Further, 
there was no correlation betwee n shrimp growth and wate r quality . 
Furness and Aldrich (979) found positive correlation between shrimp 
growth and pond bottom softness. They also found that the re was no 
correlation between shrimp growth and chlorophyll-a leve ls, dissolved 
oxygen or pH. Rubright et a1. (981) attributed the inc rease in shrimp 
production in fertilized ponds with supple me ntary feed ing to the 
abundant occurrence of polychaetes , copepods and ne matodes. This was 
implicitly corroborated by Anderson et a1. (1987), who showed that whe n 
natural foods are abundant, 53 to 77% of the growth of P. va flflnmei were 
because of ' grazing on pond biota, whereas 23 to 47% were due to 
supplementary feed. 
Several workers have studied the growth rate of different species 
of shrimps in culture (Delmondo and Rabanal, 1956; Kubo, 1956; 
Poernomo, 1968; Subrahmanyam, 1973; Forste r and Beard, 1974; Verghese 
et al., 1975; Kungvankij et al., 1976; Gundermann and Pop pe r, 1977 ; 
Liao, 1977: Sundararajan et al., 1979; Sebastian e t al. , 1980; Liu and 
Mancebo, 1983; Chakraborti at al., 1985, 1986; Tir o e t al., 1986; Che n 
et ai. , 1989a, b; Haran at al. , 1992) . The correlatio n bet ween growth 
, 
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(daily or monthly weight gain/mean final weight) and fac tors such as 
stocking density, fertilization, aeration, and salinity has been worked 
out by some of these workers, but they have come up with proof e ither 
in support of or against the influence of the factors on the growth of 
shrimps. The major general conclusion that may be deduced from the 
results of these studies is that, in semi-intensive monoculture 
systems, P . . monodon reaches marketable size, with a body weight of 
about 30 g, in ab9ut 120 days of rearing . 
Biomass increase in c ultured shrimps is more or less posilively 
correlated with survival rate, as evidenced from the r esults of the 
studies conducted by Deshimaru and Shigue no (972), Sick et al. «972), 
Sick and Andrews (973). Other relevant ,:onlribulions o n lhis a specl 
have come from Gundermann and Popper (977) , Eldani and Primavera 
098D, Lee et al. (986), Sandifer et al. (987 ), Wyban et al. 0987a) 
and Subosa (992). 
Survival rate of shrimps in culture is highly variable; from 10 
to 90% (De1mondo and Rabanal , 1956; Caces- Bor ja and Rasalan, 1958 ; 
E1dani and Primavera, 1981; Badapanda et al., 1985; Chakraborti et al., 
1986; PiJlai et al., 1987; Chen e t al., 1989a , b; Trino et al., 1992). 
On an average, the survival rale of cultured shrimps is as low as aboul 
SOl'. Factors such as DO, pH, salinily c hanges , physiological slress, 
disease, pollution, transportalion slress e lc., are r esponsible for 
lhis low survival rale of shrimps. Nolwithstanding this, survival rale 
as high as 92% (Deshimaru and Shig ue no, 1972) and 100% (S ubosa , 1992) 
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are also reported in literature. Generally, survival rate in culture 
systems is inversely related to stocking density (Chamberlain at al., 
198!). However, several workers have reported that there is no 
significant correlation bet ween stocking density and survival rate of 
shrimps (Garson at al. , 1986; Wyban et al., 1987a; Goxe et al., 1988; 
Sivakami, 1988; Chen and Wang, 1990; Allan and Magui"e, 1992; 
Hernandez-Llamas at al., 1992). As Cuzon at al. (994) has rightly 
pointed out, the bearing of stocking density on the survival of shrimp 
is but a matter of conjecture yet. 
The growth and production of farmed fish and shrimp are dependent 
on 40 or more essential dietary nutrients, derivable from eilhe r 
. endoganeously produced live food organisms or exogeneously supplied 
artificially compounded diets (Tacon, 1993). Supplementary feed is 
highly necessary in shrimp culture because the natural food supply in a 
small pond is very inadequate to support lhe high densily of s hrimp 
stocked in mariculture ponds. Supplemental feed is co mme r c ially 
formulated in most cases to satisfy the nulritional r eq uire me nls of 
shrimp. The importance of supple mentary feed in shrimp cullure sysle ms 
has already been established (Sick et al. , 1972; Balazs aL 111., 1973 ; 
Rajyalakshmi et al., 1979, 1982; Sedgewick, 1979; Ali, 1982, 1988; Liu 
and Mancebo, 1983; Gosh et al., 1987; Cruz-Suarez e t al., 1992). 
Natural diets based on Tapes philippinarum or Hytilus c rass;tida 
are successful for the culture of P. japon;cus (Shigueno, 1979), but 
procurement of large quantities of fresh molluscs has obvious 
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constraints. Dietary requirements of penae id s hl'imps, particularl y P. 
japonicus, have been well studied b y Japanese workers (Kanazawa et 
al., 1970, 1984; Kitabayashi et al., 1971 ; Deshimaru and Shigue no, 
1972; Deshimaru and Yone, 1978; Deshimaru e t a/. , 1985). In r ecent 
years, researchers in the United Stales have carried o ul nulritio nal 
studies on P. vannamei and P. stylirostris (Chamberlain and Lawre nce, 
1981; Wilkinfeld et aI., 1984). Yet, only r e latively little is known of 
the nutritional requirements of shrimps (Courtney , 1989). With a view 
to finding out a diet which could be used to s tud y the nutritional 
requirements ot shrimps, Kanazawa et aI. (970) formulated four 
artificial teeds and compared their effect on growth with the r esults 
of the studies on shrimps fed on fresh mollusc, Tapes philippinarum. 
These artificial diets were derived from silk worms, c hinook salmon and 
brine shrimp. The average growth rates for all the four diets ranged 
tram 20 to 72% of the growth rate of shrimps red the short-necked clam, 
T. philippinarum. 
Protein requirements not only diffe r be l wee n pe nae id species, but 
also within species, at different stages of d evelopment. Post-larvae 
appear to require more protein than juveniles and juveniles require 
more protein than the older stages (Bhaskar and Ali, 1980. Bages and 
Sloe.ne (1980 have found that the growth of post-larvae of P. monodon 
was proportional to the level of protein in the diet (ranging from 25 
to 55%). Smith et aI. (1985) concluded that small P. vannamei appeared 
to be more influenced by protein level in the diet, whereas growth of 
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medium-sized and large P. vannamei appeared to b e more influenced by 
the protein source. 
Protein being the most important ingredie nt in formulated diets, 
there has been much interest in e nsuring its correct proportion in 
manufactured feeds . Although there is a lol known of lhe optimum 
protein levels and growth rates of penaeids. Wickins (I 976a) pointed 
out that comparisons cannot be made b ecause of the differ e nces in the 
source of proteins used. It is generally accepted thal dietary pr o teins 
with an aminoacid composition s imilar lo thal of lhe shrimp are of 
be tter nutritional value <Deshlmar u and Shigue llo. 1972; Wickins, 1976a; 
Tse ng and Cheng, 1980. In a feeding exper ime lll on P. japonic us, 
Deshirnaru and Shigueno (1972 ) found that the highest growth rate was 
achieved with shrimp f ed on short-necked c lam, Ta pes phiJippinarum, and 
also that this fOQd had the greate st s i milarity , both in the quantity 
and profile of aminoacids, with those in brown shrimp. 
Food conversion of shrimps is a fairl y we ll studied area in 
shr\mp culture. The early grow out trails carried out in the mid 1960s 
in Japan on P. japonicus yielded feed conversion ratios in the orde r of 
12 : I, with feed combinations of clam, fish a nd non-comme r cial red 
shrimps (Shigueno, 1979). In earler experiments ju venile s y ie lded feed 
conversions of about 5 : 1. Deshimaru and Shigueno (972) s howe d that 
younger P. japonic us we r e mor e efficient feeders lhan the older. S milh 
et 11.1. (985) found thal younger shrimps g r e w al a faste r rale than 
older ones . Not only do the younger s hrimps utilis" food more 
46 
efficiently, but their highe r growth rale demands thal lhey also fee d 
more frequently than older shrimps . 
Compounded diets, presented in diffe r e nt forms (ge ls, pastes, 
steam-compressed pellets, flakes, capsules, and dried, s paghe tti-like 
extrusions), are acceptable to s hrimp (Ne w, 1976). 
A perusal of the literature r evealed lhat a fairly la r ge quantum 
of information is available on Lhe various aspecLs of Lhe biolog y and 
culture of the common pe naeid shrimps of India. But, quite noti(:eably, 
information on the gro wth of shrimps in fie ld condiLions is muc h 
restricted and is based mainly on le ngth Crequency studies. Information 
on the combined effect of f e rtilization and s upplementar y feeding on 
. shrimp growth in semi-intensive systems is also scant, e xcept that from 
the preliminary studies by Rajyalakshmi Bt aJ. (1982), Chakraborti Bt 
aJ. (1986) , Pillai Bt aJ. (l98n. Chakrabarti and Das (1988), Sivakami 
(988) and Haran Bt al. (1992). This chapter deals with the results oC 
the studies on the growth of P. monodon, in fe rtil ized farming sysle ms 
of Kerala, Ced three different supplementary feeds: clam meal , 
compounded feed (dough bal\}and farm-mad e pe ll e ted feed . 
Materials and Method s 
It was practically impossible to procur e post-larvae for length 
and weight measureme nts at the time of stocking . To c ir c um ve nt t his, 
\20 P. monodon post-larvae (PL20) we re collected from a haLc h e r y and 
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their mean length and weight were determined . The se were rec koned as 
the size at stocking for all culture operations. On the 30lh day of 
stocking,and thereafter, after every 15 days, specime ns we r e collecled 
from the ponds with small-meshed (ca. 5 mm) caslnel; 40 specimens were 
callected al random and placed in a plastic bucket or basin containing 
pond water. Average lenglh and weighl after blolting off as much water 
Crom the shell as possible, were Cound out. All live specimens were 
returned to the ponds after the measurements. 
The average growth (average welghl al harvest) , and lhe average 
production in relation to the stocking density, survival rate and three 
difCerent feed types (clam meal alone, clam meal + dough ball and 
peneted Ceed) were estimaled. The other relevant parameters analysed 
are the Collowing. 
1. Average daily weightllength gain 
Wc - Wi 
Average daily weight gain = ------
where, Wc = average final weight (g) 
Wi = average initial weight (g) 
d 
d = length oC the culture period (days) 
g/day 
Average daily length gain 
LC - Li 
= ------ c m/day 
where, Lc = average final length (em) 
L. = average initial length (cm) 
1 
d 
d = length of the c ulture pe riod (days) 
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2. Instantaneous growth 
It was calculated by using the following formula , as suggested by 
Hopkins (1992). 
where, 
(Ln Wt - Ln '00) G = -----------t 
G = instantaneous growlh 
Ln Wt = natural logarithm of the weight at time t and 
Ln '00 = natural logarithm of the initial weight 
3. Biomass increase per day (g/m2/ day ) 
Biomass increase per day was calculated follo wing New (916), as 
c 
x 
where, c = biomass increase ( g/m2) and 
where, 
x = length of the culture period (days) 
a = 
Z = 
y = 
b = 
c = aZl:: 100 
average final weighl (g) 
initial .stocking density 
survival rate (X) 
bz 
2 (No.lm ) 
average initial weight (g) 
4. Apparent Feed Conversion Ratio (AFCR)* 
AFCR was estimated by using the following formula (New, 1981). 
AFCR = Total amount of feed g i ven (kg dry w.::t",.)~_:,.-,,.-,---, Total product io n (kg we l wt. of heads o n s hrimps) 
• According to New (981), feed conversion ratio unde r natural and 
(arming conditions is more appropriately designated as Apparent Feed 
Conversion Ratio (AFCR), rathe r than Feed Conversio n Ratio (FCR), to 
indicate the inter ference of natural foods. Some of the earlie r 
workers who have actually determined the AFCR in their sludies. have 
inadvertently designated it as FCR in t heir publications. In this t ext, 
on all such occasions inc luding those in previous wo rks ciled he r e in . 
the usage AFCR is adopted. 
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(The ratio of wet weight to dry weight of fresh c lam meat was 4 1, 
and of dough ball, 2 : 1) 
5. Feed Conversion Efficiency (FeE) 
FeE was calculated by using the formula suggested by New (1987) 
Total production (wet wt. of heads-on shrimps) 
FeE = ----------------
Total amount of feed given (kg dry wt.) 
6. Survival Rate 
The mean shrimp weight at harvest was d e termined from a random 
sample of 40 shrimps. Survival rale was the n cal culaled b y usin!! lhe 
following formula (Rubright e L al., 1981) 
5 h = x 100 gb 
where, s = Burvival rate (X) 
h = total harvest (g) 
g = mean weight of shrimp (g) at harvesl and 
b = initial number stocked 
Correlations of average final weight, biomass increase per day 
and average total production with stocking d e ns ily and surv ival rate , 
were analysed by simple linear correlation analysis. Bearing of feed 
types on the final weight and total productio n was analysed employing 
one-way ANOY A. When in this analysis, AN DY A implied significant 
difference, Newman-Keuls multiple range test (S NK ) was done to find oul 
which of the three lreatmenls (feed lypes ) was s ignificantl y diffe renl 
from the others in realising be tte r final we ight/ pruduc tio n. 
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Length-weight relation of shrimp in r e lation to the three feed 
types were worked out by using the simple linear regression. 
Signiricant differences if any, between the regression lines were 
tested by analysis of covariance procedure. For length-weight studies, 
the linear form of the relation Wex: L n was used. 
log W = log a ... n log L 
where W = weight (g), L = length (cm) and a and n = calc ulated 
constants. Relevant statistical methods were adopted from Zar (1974). 
The protein, fat and carbohydrate conte nts o~ the three feeds 
were estimated based on the methods of AOAC (1975). From the se results 
the gross energy and the protein to energy ratio (PIE ratio) were 
. computed following the procedure suggested by ADCP (983). 
Results 
The overall results of the study on shrimp culture in 36 culture 
operations during 1991-92, each extending for 120 days, in three ponds 
each from Pallithode in Alleppey district and Chellanam and Kannamaly 
in Ernakulam district are consolidated in Table 7. The mean length of 
PL 20 at stocking was 1.40 cm and the mean weight, 0.060g 
General Features 
The stocking density ranged from 4 to 10 PLlm2 (mean = 6.31 
PL/m2). The average survival rate was 50.21% (range : 38-58%). The 
shrimps registered a mean tinal length of 15.10 e m and a mean final 
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weight of 30.23 g . Average final le nglh ranged f ro m 14. 20 lo 16.40 c m 
and final weight, from 26 to 34 g. The mean le ngth gain pe r day was 
0.128 cm and the mean daily we ighl gain , 0.252 g. Biomass incr ea se per 
day registered a mean of 0.795 g/m2/day (range : 0.478-1.275 g/m2/day) . 
The total production in the ' 36 ponds ranged from 560 to 1,536 kg/ha, 
with an average of 959.20 kg/ha. 
The survival rate and lhe average final weight were not 
correlated with stocking density. But, biomass increase per day (r = 
0.884; P ( O.OOll and total production (r = 0.459; P ( 0.01) 
registered significant positive correlation with stocking d ensity. The 
average tinal weight of shrimps was not corre lated with survival rate. 
Similarly, total production also was not correlated with survival rate. 
Culture Operation in the Three Regions 
As noticeable from Table 4, the major difference in the culture 
operations in the three regions was in r egard to the supple mentary 
feed. In each region, two types of feed were used: fr esh clam meat (FI) 
and clam meat + dough ball (F2) in Chellanam and Kannamaly and fresh 
clam meat and . pelleted reed (F3) in Pallithode. In Pallithode, fo r 
eight culture operations fresh clam meat and for four, pelleted feed 
were used. In Chellanam fresh clam meal was used for four cultures and 
clam meat + dough ball for the r emaining eight cultures . In Kannamaly 
clam meat + dough ball was used in four c ultures. whe reas fresh c lam 
meat was used for the rest eight cultures . In spite of the said 
difference, the average final weight. bio mass incr ease pe r day and the 
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total production of the three region~ did nol show allY significanl 
differences . 
Feed Types and Growth of Shrimps 
The three feeds used for the culture operations had lhe following 
composition. 
Feed - 1 
Feed - 2 
Fresh meat of Vel/oritH cypr enoides var . cochinensis 
Feed-l + Dough ball 
Composition of the dough ball was lhe following . 
Ingredlenls Parls per hundred 
Ground nut oil cake 45 
Wheat flour 25 
Rice bran 20 
Tapioca flour 10 
Fish oil 2 ml/kg 
All the ingredients, except fish oil, wer e mixed thoroughly and 
cooked well in an alu minium container . Afte r cooling, fish oil was 
added and mixed well. 
Feed - 3 Pelleted feed 
This feed contained the following ingredients. 
Ingredients 
Squilla powder 
Rice bran 
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Shrimp head waste 
Ground nut oil cake 
Wheat flour 
Tapioca flour 
Parts per hundred 
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10 
10 
10 
10 
5 
Vitamin mix + mineral mix I 
Cod liver oil 
Palm oil 
2 ml/kg 
2 mllkg 
All the ingredients, except oils and vitamin mix were ground and 
.mixed in a mixer/mincer machine and steam cooked . After cooling, oils 
and vitamin mix were added and mixed well. The mixture was pelleted 
with a hand pelletiser. The pellets were sun-dried to less than 10:1: 
moisture. 
The quantity of the feeds used in the culture operations is shown 
in Table 8. Feed-I (clam meat alone) was fed at 8-10" body weight/day . 
In Feed-2 clam meat and dough ball were mixed in proportions ranging 
from about I I to 8 : I and fed at 5-6" body weight/day. Pelleled 
feed (Feed-3) was given at 3-4" body weighl/day. The exact feeding 
schedule was as described earlier (page 15; Chapter D . 
The protein, fat and carbohydrate contents of the lhree feed 
types are given in Table 9. The nutritional indices of the three 
feeding systems are shown in Table 10. 
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Apparent feed conversion ratio for Feed- I ranged fro m 1.49 to 
2.55 (mean = 1.70) in the 20 culture operations in which it was used. 
AFCR of Feed-2 ranged from 1.29 to 2.62 ( mean = 1.59; in eight 
cultures) and of Feed-3 ranged from 1.52 to 1.56 (mean = 1.55; in fou r 
c ultures) <Table 8). The AFCRs of the three feed types did nol diffe r 
significantly. The growth of s hrimp (g bod y wl. vs days o[ c ultu r e ) 
ac hieved with the three feed lypes is shuwn in Table II; Fig. 11. As 
noticeable from the results, with pelleled feed lhe growth was greale r 
than with the other two feeds; wilh Feed-I lind Feed-2, lhe g rowlh WIiS 
more or less the same. 
The mean total production with the three feed t ypes did not 
differ significantly. Biomass increase/day was also not significantly 
influenced by the feed types. Ho wever, the final a ve rage weighl of 
shrimps tor the three feed types differed significantl y (F = 3.817; P ( 
0.05). SNK multiple range test ( mod ified for u n" qual group si7.e~; mr, 
1974) to test the diffe r ences bet ween mean final weight of s hr imps wilh 
the three feed types gave the folluwing r esu lts . 
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Feed type 
---------------
FI F2 F3 
Mean final body weig h t (g) 30.00 30. 18 31.60 
Rank of means 2 3 
Comparison Difference SE q 0.05,2 1, Co nc l usion in mean q p ______L _____
3 vs I 1.60 0.4117 3.886 3 3.566 fl3 1- fll 
3 vs 2 1.42 0.4367 3.252 2 2.942 fl3 ;< fl2 
2 vs I 0.18 0.3255 0.553 2 2.942 fl2 = fll 
Overall conclusion: fll = fl2 1- fl3 
i.e., mean tinal weight with feed types FI , F2 and F3 FI = F2 # F3 
The results s how tha t with pelle ted feed (F3) a highe r mean final 
weight of shrimp is possible or that pelleted feed is su perior to both 
f r esh clam meat (Fll and clam meat .. dough ball (F2) in r eali si ng 
growth of shrimps. 
Leng th- weight Relations of Shrimps 
The length-weight relations of shrimps raised using the lhree 
feed types were worked ou t (simple linear r egression analysis; log W = 
log a .. n log L). 
Fresh clam meat was used in all the three r eg ions studied and 
hence, the length-weight relations of shrimps fed this feed we r e worked 
out for the three regions separate ly . The r egression equations d e rived 
are the following. 
56 
Pallithode: log W = log 0.0332 of. 2.4573 log L (l = 36.833; P ( O.OO[) 
Chellanam: log W = log 0.0183 of. 2.7172 log L (t = 38.253; P ( 0.(01) 
Kannamaly: log W = log 0.0061 of. 3.0311 log L (t = 2 1.940; P ( O.OO[) 
The slopes of the three regression lines differ ed significantly 
(analysis of covariance: F = 7.604; P ( 0.(01). The r esults of multiple 
range test (SNK) showed that the lenglh-weig hl r e lations of shrimps f ed 
clam meat alone in the three r egions we r e significan tl y differ e nt fro m 
each other. 
Fresh clam meat of. dough ball was used bolh in Che llanam and 
Kannamaly. The regression eq uations d erived for lhese twu regions are 
the following, 
Chellanam: log W = log 0.0216 of. 2.6531 log L (l = 56.242; P ( 0 .(0 1) 
Kannamaly: log W = log 0.0040 of. 3.2234 lug L (t = 14.902; P ( 0.(01) 
The slopes of these two r eg r ession lines we r e s ig nifican tl y diffe re nl 
(F = 2665.879; P ( 0.00 I ), 
Pelleted reed was used in Pallilhode on ly. The length-weight 
relation of shrimps fed this feed is, 
log W = log 0.0159 of. 2.7664 log L (l = 44 .322; P ( O.OOll 
In all the foregoing six cases, the depe nde nce of weight o n 
length was statistically highl y significant. 
Since three diffe r e nt supplementary feeds we r e used by the shrimp 
farmers, an attempt was made to study the le ngth-weight re latio ns of 
shrimps fed the three f eeds, ignoring the r eg ional dirrerenccs wilhin 
the treatments (feed types) . Multiple range tes l (SNK) revealed that 
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the slopes oC the three population r egression lines were similar; their 
elevations were also not significantly different. Since the three 
regression lines were coincident, the co mmon or weighted regression 
coefficient (b ) was calculated; b = 2.7387. 
c c 
It the regional differences in the length-weight relations within 
the feed types are ignored, the common r egression equation for the 
length-weight relation of the s hrimps c ultured in the small-scale, 
semi-intensive, monaculture systems of Kerala is, 
log W = log 0.0154 + 2.7399 log L (t = 53.586; P < 0.001) 
This relation is illustrated in Fig . 12. 
The 95% confidence inte r val for the r egreHsion coeffic ie nl was 
2.7399 + 0.1006 and the standard e rror for lhe Y inter cept was, log 
0.0154 + Jog 0.0523 
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TABLE 8 
~tity of feed used, total production, the apparent f eed conve rsion 
ratio (AFCR) and feed conversion effIciency (FCE) in 36 culture 
operations using three different feeds 
Feed thr- Total S l. (wet weig -kg) dr!; Production C\J I ture No. Feed type wei~ t (kg/hal AFCR FCE number Clam DoUVh (kg hal 
meat bill 
1. 5120 .00 1280 .00 821.00 1.56 64.14 P. 2 . 1/91 2. 5880.00 1470.00 576.00 2.55 39.18 P.3 . 1/91 3. 5120.00 1280.00 756.00 1.69 59.06 P. 2 . IT / 91 4. 5412.00 1353.00 810 .00 1. 67 59.87 P.3.II/91 5. 5545 .00 1386.25 840 .00 I. 65 60 .60 P.2 . I/92 6. 5565.00 1391. 25 848.00 1.64 60.95 P.3. I192 7. 5860 .00 1465.00 910 .00 I. 61 62.12 P. 2 . II/92 8. 6000 .00 1500.00 1008 .00 1.49 67.20 P. 3. lIl92 9. 4620 .00 1155.00 675.00 1. 71 58.44 C.3. II91 10. Clam meat 5240.00 1310. 00 780.00 1.68 59.54 C.3.Il/91 II. 6265.00 1566.25 900.00 I. 74 57.46 C.3 . T/ 92 12. 8000.00 2000 .00 121 5 .00 1.65 60 .75 C.3.11 / 92 13. 4665.00 1166.25 720 .00 I. 62 61. 75 K.2. Tl91 14. 5120.00 1280.00 735. 00 1.74 57.41 K.3. 1/ 91 15. 7290 .00 1822.50 1035.00 1.76 56 .81 K.2 . II/91 16. 7372.00 1843 .00 1047.00 I. 76 56.81 K. 3 . II / 91 17. 7210.00 1802.50 1134.00 1. 59 62.91 K.2 . Tl92 18. 7520.00 1880 .00 1140.00 1. 65 60 .6··1 K. 3 . 1/ 92 19 . 8760.00 2190 .00 1320 .00 1. 66 60. 27 K. 2. IJ /92 20. 8630.00 2157.50 1340 .00 I. 6 I 62. 11 K.3 . II / 92 
Mean 6259.70 1564 .90 930 .50 1.70 59. 40 
21. 2750.00 625.00 1000.00 71 3 .00 1. 40 71. 30 C. I. 1191 22. 2500.00 750.00 1000 .00 675 .00 1.48 67 .50 C.2 . 1/ 91 23. 1870. 00 2000.00 1467.50 560 .00 2 .62 38 . 16 C.1. 1/92 24. 3000.00 750.00 1125.00 750.00 I. 50 66.67 C. 2 . 1/92 25. Clam meat 3120 .00 1030.00 1295.00 780 .00 I . 66 60 . 23 C. I . lT/91 26 . + 5000.00 1500.00 2000.00 1176 .00 I. 70 58 .UO C. 2 . IU91 27. Dough bill I 3750.00 1875.00 1875.00 1233.00 1.52 65.76 C. 1.1I/92 28. 4700.00 2075.00 2212.50 1182 .00 1.87 53.42 C.2.II/92 29. 3000 .00 600.00 1050.00 786 .00 1.34 74.86 K. I. I/91 30. 4000.00 500 .00 1250.00 960 .00 I. 29 76.80 K. I. II/91 31. 4000.00 800.00 1400.00 1056 .00 I. 33 75 .43 K. I. 1/92 32. 4500.00 1300.00 1775 .00 1248 .00 I. 42 70 . 31 K. I . II/92 
Mean 3515.83 1150.42 1454.17 926 .58 I. 59 64.94 
33. 1200.00 768 .00 I. 56 64.00 P. I. 1/91 34. Pelleted 1800.00 1154.00 I. 56 64 . II P. I. Il/91 35. feed 2100.00 1344 .00 I. 56 64.00 P. I. I/92 36. 2330 .00 1536. 00 J. 52 65 .92 P.I . U / 92 
Mean 1857.50 1200 .50 1.55 64. 51 
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TABLE 9 
The protein, fat and carbohydrate contents (%) 
of the tlu'ee feed types 
Feed type Protein Fat CarbohYdrate ) 
Clam meal 52.60 10 .63 28.46 
Clam meat + • 40.75-49.79 8.61-10 . 17 25.47-27.77 
lXlugh ball 
Pelleled feed 35 .27 6 .79 9.79 
* Represent values for c lam meat to dough ball ratios 
ranging I : 1 to 8 : I 
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TABLE 10 
Nutritional indi ces of lhe three feed lypes 
Feed types 
Indices 
Clam meat Clam meal + Pe ll eted feed 
dough ball 
@ 
Crude protein (%) 52.60 40.15-49.79 35.27 
@ 
Gross energy * 502.72 403 .69-480.24 295 . 91 
(kcal/lOOg feed ) 
fl 
PIE ratio # 104.63 99.48-103.68 11 9.24 
(mg protein/kca l) 
AFCR I. 70 I. 59 I. 55 
FCE 59.40 64.94 64.51 
* Cal culated based on 4.1 kcal/g for car bohydrales , 9. 1 kca l /g 
for fat and 5 .5 kcal/g for prote in (ADCP 1983) 
# Protein to energy rat io 
@ Represent values f o r c lam meat + dough ba ll ra ti os ranging 
I : I to 8 : I 
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TABLE 11 
Mean length (em) and weight (g) o f shrimps raised using three different 
feed types , at 15 days interval from 30 days pos t-stocking 
Days pos t-s tocking 
Feed type 
30 45 60 75 90 105 120 
Length 5.17 7. 99 10. 06 11.93 13 .09 14 .14 15 .0 1 
Clam meat 
Weight 1.73 3 .97 6.70 12 .65 18 .46 24 .36 30 .00 
Length 4.73 6.93 8 .98 11 .01 12 . 64 13.88 14 .90 
Clam meat + 
Dough ball Weight 1.22 2 .62 4.95 11.03 18.23 14.22 30 . 18 
Length 5 .98 8.45 10. 50 12 .38 13 .78 15.00 16.15 
Pelleted feed 
Weight 2.03 6.10 11. 65 18. 38 23 . 25 27 .30 31. 60 
Fig . II Mean final wei ght of tiger sh rililps fed t.he t hree 
feed t ypes-c lam meat alune, c lalD meal + co mpounded 
feed (dough ball) and pelleted feed--at l5 days 
interval from 30 days post-slocking to e nd of 
culture period 020 days) 
(mean weight of PL 20 at stoc king = 0.060 g) 
Fig. 11 
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Discussion 
It is well documented that Penaeus monodon and P. japonicus can 
be cultured at high densities (Liao, 1977; Liu and Nancebo , 1983; 
Shigueno, 1985). However, arious factors such as salinity, temperature, 
oxygen, food supply, disease , physiological s tress, d e nsity of 
population and consequent avllJlability of space for individuals and 
competition ror the same ecological resources, all influence the growth 
or shrimps. 
Sriraman et a/. (989) reported that the growth rate of P. monodon 
is high; this shrimp attains large r size in c ul t ure systems than in 
natural conditions. For this species , Subrahmanyam (973) reported a 
growth rate of 25 to 30 mm/month in the natural conditions and 5 to 26 
mm/month in aquaria and lanks. Forster and Beard (1974) reported rast 
growth rates for P. mohodon and P. orientalis; at lo w s tocking density 
they reach the mean live weights of 25.43 and 22.80 g, respectively , in 
16 weeks rearing. These workers concluded that "both species grew very 
quickly , and at the low stocking density, r eached an acceplable marke t 
size within eight weeks from an initial weigh t of 150 mg .. · 
In the present study, the liverag e dail y inc r e me nt in le ng th was 
1.28 mm and in weight, 0.252 g at li n a verage s tock ing densi t y of 6.31 
PL/m2. Gundermann and Poppe r ()977) r e ported a growth rate of 0 .300 
g/day for P. monodon, which is s lig htl y hi g he r than that obla ined in 
the present study. The stocking density was lo w in the former study 
() .5 PL/m2) and that mig ht be the r eason for t he highe r g ro wlh rale. 
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Sundararajan et al. (1979) also r e ported h ig h g ro wth rate for lige ,' 
shrimp (1.59 mm/day; 0.390 g/day) , and all a ver age weig ht of 32.26 ~ in 
80 days rearing. Here the stoc king d ensity was a s low a s 20 ,OOO/ha ( = 
O.2/m2) and the ponds were fe rtili zed wi~il urea and supe rphos phate . 
Sebastian et ai, (1980) obse: ved all a ve rage growth rale of 38,4 
mm/month at a stocking density of 7 ,OOO/ha, The gro wth rate obse r ved by 
Sundardrajan et al. (1979) in the salinity range of 10.9 to 22.4 ppt 
was 47.7 mm/month. The average growth rates r e ported by Delmondo and 
Rabanal (1956), Kubo (1956) , Poernomo (1968) and Ve rghese et al. (975) 
vary between 13.8 and 17.5 mm/month. Chakraborli et al. «986) observed 
steady growth of P. manadan fo r the first two months of rearing, a l< 
. also the occurrence of two size groups at the end of this period. With 
formulated feed and a stocking density of 1.58 s hr imps/ m2 (P. manodan ), 
and with paddle wheel aerators and wate r exchange, Liu and Mancebo 
(983) obtained an average final weight of 31.4 g after 106 days 
rearing . In the present study, the final ave rage weighLs afte r 120 days 
rearing without aeralion, but with three diffe r e nl feed s wer e , 30.00 g 
(clam meat), 30.18 g (clam meat + dough ball) and 31.60 g (pell e ted 
feed). As observed in the prese nt sludy, an ave f'age harvesl wei g hl 
between 30-32 g in 120 days culture with supple me ntal feeding, for this 
sp~ies is reported by several workers (Kung vankij et al., 1976; Liao, 
1977 ; Liu and Mancebo, 1983; Tiro et a/., 1986). 
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For P. monodon, Sebastian Elt a/. (980) r eported ver y fast growth 
rate during the first 30 days of rearing . Chakraborli e t a/. 098S) 
noted a Can in growth rate afte r two months. Pillai Elt a/. ( 1987) also 
reported on fast growth of P. monodon in the ear ly period or c ulture. 
AQUACOP (1984) r eported that P. monodon grows s lo wl y uplo 3-4 g body 
weight and thereafter at an accelerated rate. Gundermann and Popper 
(977) also observed very slow growth in the earlier days (first 40 
days) of culture for P. monodon; the growth rate was maximum between 70 
and 120 days. Chen e t a/. (98910) reported that the g r owth rate of P. 
monodon was the fastest from 94 mm to l S I mm and the s lo west 
thereafter. The present res ults are in agree menl with lhose of AQUA COP . 
Gundermann and Popper and Chen et a/., mentio ned above; her e the growth 
rate was fast after about 60 days of rear ing (C8. 9-10 cm length; 5- S g 
weight), till 120 days. 
In 1992, Haran and coworkers reported that the growth of P. 
monodon in semi-intensive systems in Andhra Pradesh, is about 25 g in 
120 days rearing, with Hanaqua feed and paddle wheel aerator s; the mean 
stocking density was 26-28 shrimps/m2. In compariso n, the standard 
growth rate of P. monodon fed Hanaq ua feed is 29.0 g in 120 days. In 
the prese nt study, the growth of P. monodon was 30 g, or a Iiltle more, 
in 120 days. 
Even though some studies suggest that shrimp growth is inversely 
related to stocking density. ther e was no e vidence ill lil e present study 
to corroborate this , as also r eported by AQUACOP (984) and Wyban et 
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a/. 0987a). The high growth rate obtained in the present study may be 
because of the combined effect of feed and fertilizer applied to the 
culture system. The addition of phosphorus and nitrogen to aquatic 
systems increases phytoplankton populations (Boyd, 1979). Be nthic 
microbial activity increases in response to sedimentation of 
phytoplankton bloomS", and benthic biomass is capable of dou bling 
because of increased mic robial produc tion (G raf et al .. 1982 ). Resear ch 
done in Israel with organie fe rtilizers in fi s h culture may ha ve 
application to shrimp culture. This r eseare h has s ho wn that ine r ea sed 
production of the microbial community which utilises manure lind organic 
matter, greatly e nhances fi sh growth in earthe n ponds (Sc hroeder, 
. 1978). An increase in the benthic biomass wo uld like wise btl ex p"uled to 
increase shrimp production. The application of fe rtilize r in s hrimp 
grow-out ponds is to stimulate phytoplankton produc tion. This increase 
in primary production, propagating through the trophic c hain , leads to 
an increase in the food available for shrimps and, the refore, it 
supports a greater crustacean biomass. 
Rubright et al. (981) attributed the inc rease in s hrimp 
production in ponds in which f ertilizers and feed" are added, to the 
abundant occurrence of polychaetes, copepods and ne matodes . This was 
implicitly corroborated by And e r son e t al. (1987). who s ho wed lhal. 
when natural foods are abundant , 53 lo 77% of lhe growlh of P. vanllamei 
are due to grazing on pond biota, wh e r eas 23 lo 47% were eOlllr ibu lcd by 
the feed addtld. Crustaceans , polychaetes and nema todes are the main 
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diet of Penaeus species (Wassenberg and Rill, 1987) and the ir 
importance as nutritious food sources for marine invertebrates, from a 
stand point of energy, protein a nd essential nutrie nt requirements , was 
pointed out by Phillips (984). The usefulness of fe rtilization in 
flsh/shrimp culture syste ms is its benefi cial effec ts on autotrophic 
and heterotrophic productivity and on the de trital cycle (B uc k e t a/. , 
1981; Rubright et a/. , 1981; Wohlfarth "t al., 1985) . 
Deshimaru and Shigueno ( 1972) reported a total biomass increase 
2 2 
of 897.60 g/m for 60 days at the rate of 14 .96 g/m Iday for P. 
japonicus, at a stocking density of 17 shrimps/m2 and 92% survival. 
Sick et al. (972) for P. setiferus reported 47.4 g/ m2 (0.680 g /m 2/day) 
. as biomass increase at a stocking rate of 12.7 shrimps/m2 and a 
survival of 83%. Sick and Andre ws (973) observed 77 .2 g/m2 as bio mass 
increase (0.920 g/m2/day) for P. duorarum at 23 .6 s hrimps/ m2 stocking 
density and 87% survival. In the present study the mean biomass 
increase was 95.33 g/m2 for 120 days at the rate of 0.795 g/m2/day at 
an average stocking density of 6.31 shrimps / m2 a nd a survival rate of 
50.21%. 
Gundermann and Popper (977) r eported a biomass increase of 603.8 
g/day/ha for P. monodon in a polyculture syste m with fe rtilize r alo ne 
(at a stocking density of 0.75 shrimps/m2 and a survival of 90%). 
Eldani and Primavera 098!) reported a bio mass increase of 2.34 
kg-fha/day, in monoculture of tiger shrim p . wi l It f (··rlili zt'r nlo llP !lnd 
2,000 shrimps/ha stocking density . With c h ic ke n ma nure fe rtilize r' and 
68 
with 100% survival, a biomass increase of 1.18 kglha/day for this 
species is reported by Subosa "992). In the presenl stud y the biomass 
increase was higher than thal obtained in allY uf lhese 9tudies . The 
high biomass increase Dlay be due to the high s locking de nsil y (and 
probably because of the additio n of fe rtilize rs and s upple me ntary 
feed). A significant positive correlation (r = 0.884, P < 0.(01) 
between stocking density and biomass increase per day was observed in 
this study. Similar results are reported for P. vannamei by Lee el a1. 
(986), Sandifer el a1. (987) and Wyban et 81. 0987a). 
The survival rate of shrimps in the present study varied be tween 
38% and 58% (mean = 50.21%). A survival rale of 50%, even lhou g h 
. comparatively low, is consistent with figures r e ported in co mme r cisl 
shrimp culture. Shrimps grown in brackish wale r ponds in Philippines 
have a survival rate of 10-50% <De lmo ndo and Rabanal, 1956) and 20% 
(Caces-Borja and Rasalan, 1958; Eldani and Pr imave ra, 19R 1) afle r o f 
5-8 months rearing . In monaculture of liger s hrimp, Badapanda e t a1. 
(985) obtained 32.7%, Chakraborti tel iii . ( 1985). 25.8% in Ilurser y 
ponds, and Pillai et iii . (1987), 34.6%. Chakraborli el 81. (1986) 
obtained 25.2% to 33% surv ival at a s locking rale of 4 PL/m2 and Che ll 
e t al. <t989a) observed a surv i val rate o f 40-67 ,7% in hig hly inle n sive 
systems 024 to 143 PLlm2). Trino et iii. (992) ob tained 51.4% lo 73.6% 
survival in feed and fe rtilized systems. 
The e xact reason fo r this low s urvi val rale iA ~Lill u mallor o f 
speculation. Wickins 0976b) r e ported lhat s hrimps are stressed when 
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dissolved oxygen falls below 2.0 ppm. The same author r e ported that p. 
monodon post-larvae are however, unaffected b y a pH as lo w as 6.45. It 
seems that adverse dissolved oxyge n or pH were not the r easons for the 
low survival rate noted in the present study, in which both these 
parameters were we ll within the tol e rance limils . It is nol k nown 
whether shrimps were alread y weakened by diseases or physiological 
malfunction, or, if otherwise health y, succu mbed to the a ggressiveness 
of their fellows in the c rowded conditions. 
It is reported that s ur v ival of P. nlOnocion posl-Iarvae is 
directly influenced b y the organic content a nd dissolved oxygen in the 
water. The d e trime ntal effeels or o!,!/an ie poll lll io ll are hi ll h nOD. low 
dissolved oxygen, high ammonia and N02- N. At s u b lethal levels, a 
combination of these ad verse e n v iron me ntal eo nd itio ns ea n induee slr ess 
and r esult in decr eased survival Ofillame na, 1990) . I n l he pres e nt 
study mortality was high in lhe larv .. l stages. As the shrimp 
post-larvae wer e mos tl y tra nsported fro m olhe r States, trans po rtation 
stress (combined wilh the othe r slr e~s faclor ~ Rta led above) mig hl have 
induced high mortality. From Andhra Pradesh and Or issa halc herie s, 
shrimp post-larvae are pac ked at a densily of 3 ,000/5 litres (one 
packet) . An a verage 36 h l ransportation ti me is required for bringing 
the larvae to the cultul'e s ileo It s hould be evaluated whelhe r lhis 
packing d e nsity is safe e nough for the shrimp larvae to withstand lhe 
long lransportation lime. 
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Another reason for high mortality could be the salinity c hange. 
High mortality and poor growth rates of P. DlOnodon juveniles occur at 
salinities lower than 10 ppt (Cawthorne et al. , 1983). Some workers 
have reported that P. monodon larvae survived and grew well at lower 
salinities (Musig and Ruttanagosrigit, 1982). Moulting at extremely 
high or low salinities requires more time and this renders shrimps more 
vulnerable to predation (where predators are inadve rte ntl y intruduced 
in the culture ponds) and cannibalism, and prolongs their inability to 
forage for food (Chien, 1993). Rapid c hanges in salinity also us uall y 
cause high mortality of P. mOllodoll (Tseng , 1987). Transferring s hrimp 
directly into grow-out ponds is always de trime ntal. 
In the present study there was no significant correlation be tween 
salinity and survival rate of shrimps. Further, post-larvae from 
hatcheries were directly introduced into the g row-out ponds (either 
into hapas in the grow-out ponds or into a de lineated nursery sect ion 
in the grow-out ponds). Thus , transportatio n s lress and stress induced 
by sudden transfer of post-larvae into the grow-out ponds might also 
have contributed to the low survival rate noted in lhe present study . 
Though survival rate in culture syste m is inversely r e laled lo 
stocking density (Chamberlain et al., 1981 ) , in lhe present study , with 
moderate survival at all stocking densities. s uc h a corre lation was nol 
found . Chen and Wang (990) for P. mOllodoll and Garson at nl. (986), 
Sandifer et al. (987), Wyban ti t al. 0987a). Goxe e t al. (988), 
Sivakami (988) and Hernandez-Llamas at a/. ( 1992) for olher penaeid 
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species. also did not find any significant correlation bet ween stoc king 
density and survival rate. 
Different types of conventional feed are used in aquaculture . 
Ghittino (972) had reported on the use of se lected slaughter house 
byproducts as supplementary diet in the c ulture of salmonid fish. In 
Japan meat of short-necked clam (Tapes p hili ppiuuruw) and mussel 
(Hytllus edulis) is used as supplementar y feed fo r Lhe cullure of P. 
japonicus <Deshimaru and Shig ue no, 1972). Jhingran and Go palakrishnan 
(973) used mustard oil cake as supple me ntar y feed in the 1D0 noculLure 
of mullets. Qasim (975) described the use of oil cake s as direct 
manure in polyculture ponds of fish and shrimps in many southeast Asian 
. countries. Maguire et al. (981) reported that Sydne y roc k oyste r 
(Crassostrea commerciBlis) improves the meat condition of cultured 
shrimp. According to Maguire and Leedow (/ 983). Pipi fl esh ( Plebidona 
deltoides) can sustain very high gro wth and s ur vival rate eve n at h ig h 
stocking densities of the school prawn , Hetapenaeus mecleayi. 
In the shrimp farms se lec ted for the prese nt study three types 
feeds were used by farmers. The conventio nal feed used was fresh c lam 
meat. A compounded feed (dough balll along wilh dam meat and Ii 
farm-made pelleted reed were lhe olhe r lwo reeds used . The mean AF CR 
for clam meat was 1.70, for darn meal + d uug h ball , 1.59 and rur the 
pelleted feed, 1.55. The AF CR for Lhe lhree feeds we r e nol 
significantly different. 
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Fresh clam meat is conventionall y used as supple me ntal feed in 
shrimp culture. Kanazawa et al. (970) reported that for Penaeus 
japonicus, a diet of fresh meat of the short-nec ked clam, Tapes 
philippinarum, gave better growth than compounded feed . Forster and 
Beard 0973, 1974) obtained fast growth for Palaemon serratus fed fresh 
mussel meat. But, according to Villegas (978), the growth and survival 
of Penaeus monodon larvae fed with the meat of T. philippinarum were 
only next to those fed compounded diets. Colvin 0976a) used a diet of 
fresh mussel meat and prawn meat (50 : 50) as control diet for P. 
indicus and found remarkably slow growth with this diet. Ali (1982), 
who used fresh meat of Sunetta scripta as control diet for evaluating 
the efficacy of certain protein sources in the growth of P. indicus, 
found not only inferior performance but al so heavy mortality of the 
prawns fed fresh clam meat. Even though the r e is a differ ence of 
opinion as to the efficacy of fresh clam meat a s s upplementary diet for 
prawn/shrimp, it would appear thal the a vailable information does not 
weigh in favour of fresh clam meat as the ideal reed for r ealising 
belter growth in prawn/shrimp. This poor performance of fresh clam meat 
may be because of the high rate of c hitinocillstic bac te rial infection 
of the animals fed fresh clam meat (Venkataramaiah et al., 1975b). Ali 
(982) also emphasised this point, and he r eported that the growth was 
high, and the food conversion ratio the best, in ju veni le P. indicus 
fed dry, powdered meat of Vellorila cyprenoides. 
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The gross energy (502.72 kcalllOO g) as we ll as the protein 
content (52.60") were higher for clam meat than for the othe r two 
feeds . The protein to energy ratio (PIE ratio) for this feed was 104.63 
mg protein/kcal. Shrimps, like all other animals , feed primarily to 
satisfy their energy r equir e ments (Cho and Kaus hik, 1985). If t he feed 
has an excess of dietary energy, it may r esult in decreased feed 
intake, and consequently, the intake of othe r essential nutrients may 
also be lowered. Both these can adverse ly affect the growth. On the 
other hand, if the dietary energy is too low, the shirmp utilises othe r 
nutrients such as protein for fulfilling its ene r gy r equire me nts rathe r 
than for growth. The re fore , PIE ratio of the feed is c ruc ia l a nd there 
is an optimum PIE ratio at whic h the growth will be the maxjmum. Haj ra 
et a1. (988) found that the most effil:i e nt die lar y e ne r gy fo r P. 
monodon was 412.60 kcalllOO g feed . It shoul d be noted that various 
factors suc h as water te mpe ratu re and qualil y and the size a nd 
physiological state of the animal, affect its e ne r gy r eq uire me nls. The 
energy in clam meat used b y farmers in Kerala was highe r than lhe 
optimum recommended by Hajra e t aJ. (988) and therefore , this feed 
might have been unde rutilised by the shrimp. 
In the present study the AFCR for fresh cla m meat was 1.70, whic h 
is lower than that reported by many earlier worke rs for c lam meat used 
by them: 9 .45-11.70 (Mohammad Sultan et a/., 1982), 2.70 ( Ahamad Ali , 
1988), 1.79 (Kungvankij et al. , 1990) and 3.4 (Ja yagopal , 19911 . This 
was quite appreciable as, on we l we ight basis, 6.80 kg of c lam meat 
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produced 1 kg of shrimp. Deshimaru and Shigueno (972) r eported that 
the profiles of conjugated amino acids of P. ja.ponicus and the 
short-necked clam, Tapes philippinarum, are very similar . Whether this 
is true for P. monodon and Vellorita cyprenoides var. cochinensis also 
is not known, but this traditional feed had a lo w AFCR and it yielded 
high average final weight and comparative ly high production, even in 
spite of the presumed under utilisation of this feed because of its 
high energy level. 
Dough ball (compounded feed ) i~ widely used for shrimp farmi ng in 
India and abroad. In India at the Kakdwip 13rac kis hwate r Research 
Centre, West Henllal, a supple me nllir y feed consisting o f soya bean 
flour , brewer's yeast, maize powder , wh""t flour , calcium phosphate, 
vitamins and algin was formulated for feeding the post-larvae of P. 
monodon. Another feed consisting of goat offal , yeast, algal powder, 
wheat flour, and terramycin was used in this Centre fo r feeding the 
post-larvae of P. indicus. This Centre has also conduc ted feeding 
trials on P. monodon in cement c iste rns with three feeds: a mixture oC 
fish meal, ground nut oil cake and rice bran ; fish meal alone and fl esh 
of trash fish alone. It was r e ported lhat the fl es h of trash fi s h gave 
the highest growth and the bes t AFCR (AICRP 1978). Ho hanllllad Sultan e t 
a1. (1982) formulated feeds with frog flesh was Ie a nd r e ported AFCRs 
between 3.01 and 4.06 for P. indic us and 5.87 lind 8.2 1 f or' P. DwnudofJ . 
In semi-intensive c ullure syslems of P. japufJic:us ill Italy (with 
fertilization and pelleted feed) , Lu mare eL al. Cl9fl5) reported that 
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the AFCH ranged from 1.60 to 3.90. Kungvankij et a/. (1990) reported an 
AFCH of 1.53 (at stocking density 40 PLlm2 of P. monadan) for a fee d 
consisting of trash fish and rice bran. Bostock (1991) reported an AFCR 
of 3.3 for dough ball (27% protein) and 2.9 for pelle ted feed (34% 
protein) for P. monadan cultured in Andhra Prad esh. The ing redie nts o f 
the dough ball were wheat flour, soya mf'-BI, rice bran, tras h fish, beef 
and dried fish. Wood et al. (1992) r e ported an AF CR of 3.3 for dough 
ball in P. manadan farming systems of West Be ngal. They r eported an 
AFCH of 4.4 for pelleted feed and 7.0 for powder-based do ugh ball. Wilh 
the dough ball, a surprising yie ld of 1410 kg/ha of P. manadan was 
achieved by Wood at a/. (1992) . The AFCH of lhis d ough ball w"s 5.6 and 
the crude protein content, 26%. 
In the present study, the moist dough ball used had a prote in 
content of 27.71%. In combination with clam meat, the ratio of clam 
meat to dough ball varying from : 1 to 8 : I in this combined feed, 
the protein content ranged from 40.15% to 49.79%. This combined feed 
had a low AFCH (1.59) . This improved AFCR could be du e to lhe pres e nce 
of more than one protein source in the feed , a s al so r e ported b y Alava 
and Lim (1983). However, lhe pe rformance of s h ri mp fed dou!!h bull in 
combination with clam meat was not significantl y diffe r e nt from those 
fed fresh c lam meat alone. Three plausible ex planutions may be put 
forth for the inefficacy of this feed . 
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1. The dough ball had a high moisture contAn t, about 50%. Thi" hi g h 
moisture content could have r esu lted in fast physical 
disintegration of the feed leading to rapid leac hing out of the 
nutrients thereby making them unavailable to the shrimps. 
2, The teed (nutrient> input (on dry weight basis) into the system 
where clam meat alone was fed was more than in the feeding r egime 
in which dough ball was fed along with c la m meat (see Table R) . 
3. Except on one occasion whe n c lam meat and dough ball were mixed in 
nearly 1:1 ratio (see Table 8, SI. No. 23), on a ll othe r occasions 
clam meat was the dominant compo nent in this feeding r egime. It is 
also noticeable that in this culture (C.I.I/92) the AFCR was as 
high as 2.62 and the production, as low as 560 kg/ha; the FCE was 
only 38.16%. This suggests that, inc r easing the proportion of the 
dough ball in the feed combination tends to lo wer the efficacy of 
the combined feed . Alternatively , it may be that, in t he feed 
combination, it is the clam meat component that is more responsibl e 
for the supply of nutrie nts. Detailed studies are needed to 
evaluate the efficacy of the dough ball used by the s hrimp farme rs 
in Kerale.. Notwithstanding, it is nearly uneq ui vocal that , in t he 
present form and manner in which it is used, the clam meat-dough 
ball combination is o nl y as e ffic ie nt as c lam meat alone . 
The present r esults , even though speak of the inefficacy of 
supple me nting a conventional feed with an unscie ntifically formulated 
and prepared dough ball in the hope of realising be tte r prod uc tion of 
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shrimp, suggest that, in the conlex t of lhe "horlage of s uffic ie nl 
quantity of fresh clam meat, and conseque ntl y of the incr easing cost of 
this feed, using a combination of clam meat and dough ball can help the 
farmers save, though only marginally , on feed cos t. In the present 
study the input cost of fresh c lam meat was higher (36 .04% of the total 
imput cost) than that for clam meat + dough ball (34.31% of tolal input 
cost). 
The lowest AFCR (1.55) as well as the highest growth (mean final 
weight = 31.60 g) were achieved with the pelle ted feed used in this 
study. The gross energy calculated for this feed conlaining 35.2% 
protein, was 295.91 kcal/IOO g and the prote in/e nergy ratio was 119.24 
mg protein/kcal. Ali (962) r eported AFCR values ranging be tween 1.46 
and 4.20 for compounded feeds pre pared with ground nut oil cake and 
shrimp waste as the major ingredie nts . Mohammed Sultan a t iiI. (982) 
reported an AFCR of 6.21 for pelle ted feed used in P. monodon rearing . 
Raman at iiI. (982) conduc ted feeding trial s on P. indicus using 
different combinations of feed ingredients s uc h as fish meal, prawn 
processing waste, ground nut oil cake, gingell y cake, black gram hus k, 
bengal gram husk, bajra, wheat flour, wheal bran , rice bran and 
tapioca. Among the feed combinations tested , fish meal, rice bran and 
tapioca in the ratio of 1:1:1 and 2:2: 1 gave saUs factor y r esulls; lhe 
AFCR obtained with the rirst feed combina tio n was 1.69 and with the 
second, 3.21. 
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Venkataramaiah et al. (t972a,b; 1975a,b) while studying the 
effects of feeding levels and salinily on the gro wlh and AFCR in P. 
aztecus, reported that the AFCR of a standard shrimp feed varied from 
1.25 to 3.73. The AFCR for the peBeted feed used in the present study 
is within this range. Elam and Green (1974) conducted feed ing 
experiments on P. setiferus with different formula feeds and o btained 
AFCRs ranging from 1.8 to 2.3, which are slightl y higher than the AFCR 
for the peBeted feed in the present study. 
Forster and Beard «973) observed thal the growth of Pa /aemon 
serratus was high when the die t contained mor e than o ne protei n source. 
Zein-Eldin and Corliss «976), who obtained s imilar resu lt, for lhe 
same specie,s reported that inc lus ion of rice bran in s hrimp feed 
improved the growth. For HacrobraclliuDl rosen bergii the r esults were 
much superior when the diet contained fi sh meal, soya bean and shrimp 
meal compared to a diet hav ing only soya bean meal, <Balazs et al., 
1973). Subsequently, Balazs e t a/. «974 ) found that the d ie l 
containing soya bean meal and t una meal yi e ld ed sig nificantl y greater 
growth than the diets containing only soya bean, tuna meal or shrimp 
meal. These authors concluded that by using diffe r e nt protei n sources, 
the possibility of approaching o ptimu m amino acid balance in the die t 
was greater. 
The pelleted feed was superior to the othe r two in realising 
be tter a verage final weight and g ro wth r ate of P. ",onodon in 
semi-intensive systems of Kerala bac k wale r s . Thi s may be because of the 
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better amino acid balance in the pelleted feeds by virtue of the four 
different protein sources incorporated in the feed (mixed sources of 
protein provide better amino acid balance - Balazs et al., 1973, 1974). 
Alava and Lim (983) reported that diets containing two or more protein 
sources are better utilised by shrimp than those containing a single 
protein source. This could be the reason for the higher mean final 
weight realised with pelleted feed in the prese nt stud y . 
The second feed type (F2 = dam meat + dough ball) also contained 
more than one protein source. Ho we ve r , the gro wth of shrim" fed thi s 
feed was not significantly different from thal red c lam meal alo ne. 
Moreover, the results obtained wilh F2 we r e signi fi cantly infe rior to 
that realised with pelleted feed. The poor pe rformance of F2 compared 
to peneted feed is attributable to the lac k of any other marine 
protein source, other than clam meat, in F2. The pelleted feed 
contained two sources of marine prote in: shrimp head waste and squilla 
powder. Further it is now proven that penae id shrimps have a dietary 
requirement of native chitin (Fox, 1993). The odour of the feed (by 
virtue of chitin present in it) may be attrac ting the animals and 
making the feed more palatable (Ahamad Ali , 1988) . Shrimp head meal is 
not only a good source of chitin, but al so of prote in , ce rote noid 
pigments, fatty acids and fibre (Meyers , 1986) . Deshimaru and Shigue no 
(972) reporled thal the amino aeid compositio n of the rations that 
give the best growth performance uf shrimp, must closel y approx ima.te 
the amino acid composition of the shrimp. Shrimp meal in the pe lle ted 
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feed, therefore, would have e nsured a desirable amino ac id balance in 
the formulation. Besides, shrimp meal wou ld meet the subs trate 
requirement of chitin and provide the r eq ui s ite amount of calc ium 
needed for rapid growth oC shrimps. 
According to Cuzon e t /i/. ( 1994) shrimp meal can be used at 
Cairly high levels and this ge nerally he lps tu s ustain good gro wth 
rate. When correctly prepared and preser ved, s hr imp meal prov id es a 
substantial amount of essential nutrients . It is an excellen t source of 
protein because its amino acid co mposition is si milar to that of the 
whole animal. This is especially true whe n the produc t comes Cram local 
fisheries. 
Cod liver oil is rich in w-3 poly unsaturated Catty a c ids (PUFA), 
whereas terrestrial plant oils (palm oil) are ric h in w-6 fatty acids 
<Hajra et 8/., 1988). The prese nce of both w-3 and w-6 PUFAs he lps in 
the synthesis of essential fatty acids (EFA) t hat are needed for rapid 
growth and normal moulting of penaeids (Colv in , 1976b; Guary e t /i /. , 
1976). In the pelleted feed used he re, cod liver oil and palm oil we r e 
incorporated. 
The protein/energy ratio was the highest for pe ll e ted feed 
019.24 mg protein/kcal. This value is in agreeme nt with that r e ported 
by Hajra et a/. (988) 007.70-120.80) and Shaiu and Chou ( 1990) ( 96·96-
II a· ;tl ) for the feeds they used for P. mon odan. 
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Several authors have reported that shrimps r equire relatively 
high content of protein in their dieL The diets used by Deshimaru and 
Shigueno (972) for P. japonicus contained over 60" protein . Lee (1972) 
reported optimu m growth of P. monodon at 40" protein level and the same 
level was established as optimum for P. aztecus by Venkataramaiah et 
a/. 0972a). According to Andrews at al. (972) , P. satifarus require 
an optimum protein level of 28-32". Zein-Eldin and Corliss (976) 
reported that 30" protein is the optimum for P. az tecus. Balazs at aJ. 
(973) obtained the best growth performance of P. aztecus at 25-40" 
protein level. The feed used by Alikunhi at al. (975) for P. monodon 
contained 20" protein. Rajyalakshmi at al. (979) reported that a 
. protein level in the range of 20-40" in the die t is sufficient to 
ensure good growth in penaeid shrimps, especially in tropical waters . 
The present results corroborate the above mentioned observations. The 
best growth was realised with pelleted feed containing about 35" 
protein. According to Rajyalakshmi (982) fast growth and remarkable 
size of P. monodon are obtained with diets containing less than 40" 
protein. 
Even though the protein content of clam meat .. dough ball Cl : 1l 
was about 40", this feed was not as efficient as the pelleted feed . The 
reasons for the inefficacy of this combined feed have already bee n 
discussed. It is to be emphasised on the basis of the present results 
that the protein content of a teed is not the sale crite rion to assess 
its efficacy. 
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The AFCRs for the three feed types used in the present study were 
low compared to earlier reports on the AFCR for feeds used in shrimp 
cultures. This low AFCR could have been due to the better feed 
management with check ~rays and probably because of the good primary 
productivity prevailing in the culture ponds. It is to be noted here 
that, according to Gopinathan at al. (\982), the c ulture ponds 
connected to the Cochin back water system are highly productive. The 
physico-chemical features of the ponds selected in the prese nt study 
were well within the limits for systems showing good productivity . The 
application of fertilizers and use of supplementary feed to the ponds 
under study had an enhancing effect on primar y prod uctivity of these 
. ponds. 
In the present study fresh clam meat as a supple mentary feed was 
used in all the three regions (Pallithode, Chellanam and Kannamaly) . 
But the production achieved with clam meat was higher in Kannamal y than 
in the other two regions. The higher production is attributable to the 
following two reasons. 
1. The higher amount of organic fertilizer used in Kannamaly (350-500 
kg/ha; mean = 431.25 kg/hal than In Pallithode (200-300 kg/ha; mean 
= 275.5 kg/hal and Chellanam (200 kg/ha in all four c ultures). 
2. The higher nitrate and phosphate contenls of the waters of 
Kannamsly ponds (see Table 5) . 
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The high nitrate and phosphate contents could have resulted in 
high primary as well as secondary productivi ty . The organic manure , 
since after its disintegration forms food for the detritus feeders 
including shrimp, might have helped in augmenting productivity of the 
ponds and better survival and growth of shrimpR. Another point deser ves 
mention especial in this context. Sathiadas ilL al. (1989) r e ported that 
the distance oC the culture ponds from the 'bar-mouth', and the 
produc~ion are inversely related , Kannamal y is closer Lo the Cochin 
'bar-mouth'; this proximity oC Kannamaly ponds to the ' bar-mouth' 
obviously seems to have had a positive influence on the production for 
these ponds, 
Probably, the slightly higher survival rate in Kannamaly region 
(52.8") than in Pallithode (50.4") and Chellanam (49 .5") also might 
have contributed towards this end, though survival rate and production 
in the present study were not significantly correlated. 
As evident Crom the observations made during the present study, 
the age-old practice oC Ceeding clam meat as the sole suppleme ntary 
food source in shrimp culture is still in vogue in Kerala State; oC the 
36 culture operations studied, in 20 this was practised. Even though 
this practice is conducive and recommendable ' to the areas where the 
clam (VeJ/orita cyprenoides) is a vailable in plenty, it is to be 
remembered that this clam is a delicacy for hu man beings also. Yet, the 
clam is farmed neither for the purpose of human consumption nor for the 
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requirement of shrimp culture. In fact, both these needs are at present 
met by the wild or natural populations of the clam. With a boom in 
shrimp farming along the east coast of India , aquac ulture feed 
manufactures have also started exploiting the wild populations of the 
clam for incorporation of its meat in co mpounded feeds . It is but on ly 
a matter of time before the natural r esource of V. cypr Bnoides was over 
exploited. In this scenario, presumably with the impe nding acute 
shortage of the clam, and the consequent hike in the cost of c lam meat, 
the practice of using clam meat as a sole supplementary feed Cor shrimp 
would, and should, gradually phase out. However , the whole-someness of 
this feed cannot be give n a go by. 
In this study, the ove rall performance of shrimp weighs strongly 
in favour of the use of pelleted feed . In terms of economics also the 
same holds good because, of the total prod uction cost, 36.04% and 
34.31% were accounted respectively for the cost ot clam meat and clam 
meat + dough ball, whereas only 30.37% of the total production cost 
were accountable for pelleted feed. The performance of the pelleted 
feed in terms ot growth and economy was mainly because of its quality 
and nutritional value. Shrimps being slow feeder s, r equire a 
water-stable pellet. Further, uniformity in the particles co mpacted 
into a pellet, the nutrient density in the feeds in terms ot 
macronutrients and mic ronutrie nts , all add to the qualities ot the 
feed . The pelleted feed used in this study had all these Qualities. 
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Further, this feed was made in the far m itself adopting an appropriate 
feed technology with maltimum ulilisation of locally available 
conventional and non-conventional ingredients. It was all these 
factors, which New (992) also e mphasized, that added up to advocate 
on-farm feed making for the small-scale, se mi-intensive, monoculture 
systems P. monodon, particularly in holdings of less than one hectare, 
on the back waters of Kerala State. 
CHAPTER IV 
ECONOMICS 
Introduction 
Aquaculture research has been, and it is by and large even today, 
mostly addressing biological and technical problems with a view to 
overcoming the constraints to production and to modllylng and/or 
intensllying the traditional culture practices; it would seem that 
researchers are least concerned about studying the economics of 
aquaculture of various modes (Shang, 1990). As rightly observed and 
pronounced by the IDRC, Canada, more than a decade ago, the true 
viability of any aquaculture technology rests mainly on its economic 
viability, not simply OIl the biological and tec hnological viabilIty 
(IDRC, 1982). Even though a little late, the importance of aquaculture 
economics research is gradually being recognised . Economic analysis is 
essential to evaluate the viability of Investment in aquaculture, to 
determine the efficiency of resource allocation, to improve the 
existing management practices, to evaluate new culture technology, to 
assess market potential and to intenslly areas in which research 
success would have high potential payoff (Shang, 1990). Economics 
research in aquaculture can provide a basis not only for decision 
making for farmers, but also for ide ntllying research priorities and 
formulating public aquaculture policies. 
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The output from an aquaculture system is mainly a function of the 
inputs applied in the production process; it depends upon such inputs 
as stocking density, supplementary feed, labour, managerial expertise, 
and the underlying technology used. The relation between inputs and 
outputs is referred to as, in the economics jargon, the 'production 
function'. The economics of an aquaculture system mainly rests on the 
production function. Further, the study of production function can 
contribute to improved farm management. An understanding of the 
existing social, cultural and economic interactions and the Hxtent of 
resource allocation in a society is important in the introduction and 
development of aquaculture technology. 
As in any other industry, in aquaculture also the aquaculturist 
is an entrepreneur, and his business activity is mostly guided by the 
net economic yield, which is the difference bet ween the costs of inputs 
and the output. However, in many developing countries, both interest 
and capacity for conducting economic studies are lacking, which make it 
difficult for the development of sound policies. The shortage of 
reliable data on aquaculture economics and the lack of understanding of 
the importance of such data impede economic analysis. 
1. 
Shang (986) spoke of the following constraints in the study of 
aquaculture economics. 
Lack of reliable economics data: In many cases, the 
intormation available is from the laboratory, and not fro m the 
field. Laboratory results require supplemental information from 
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the existing commercial farms. Unfortunately, the data base on 
commercial aquaculture is not only poor, but also difficult to 
obtain because of the proprietary and nascent nature of an 
operation. 
2. Lack of cooperative research among aquaculture e xpe rts : In many 
areas aquaculture experts , including economists, conduct their 
studies with no or only very little inte raction with each other. 
Therefore, the necessary data for economics analysis are either 
not available or are quiet orten fragmentary. 
3. Lack of interest of economists in aquaculture research. 
4. Inappropriate data and/or methods for analysis: This e nds up in 
results that are not meaningful, if not e rroneous. 
5. Finally, the diverse forms and species c ultured and the variety 
of aquaculture modes make economic comparisons diffic ult. 
Since aquaculture is a multidisciplinary science that includes 
such diverse disciplines as biology , engineering, hydrology and 
hydrography, nutrition and feed technolog y , ge netics, economics , and 
even pathology and pharmacology, collaborative r esearch is needed to 
develop efficient operating systems and to improve the existing 
management practices. As mentioned earlie r, the lac k of sufficient data 
for economics analysis in aquaculture is a major proble m, but this 
problem may be overcome by cooperative efforts , locall y and 
internationally, among relevant aquac ulture specialists, as suggested 
by Shang 09B6). 
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Even though a lot of information is a vailable on even such 
special aspects as physiology, nutrition, diseases etc . , of c ulturablel 
cultured shrimp species, that on the economics of shrimp culture is 
rather scanty. Anderson and Tabb (970) studied some economic aspects 
of pink shrimp farming in Florida. Ford and Amant (1971) put forth the 
management guidelines for predic ting the production of the brown 
shrimp, P. IlZtecus, in Louisiana. Greenfie ld (975) studied the 
economics of the production and marketing of s hrimp. Shang and Fujimura 
(977) showed that prawn farming in a tropical area suc h as Hawaii, is 
profitable; their analysis of the economics of prod uction suggests that 
there is great potential for the culture of Hacrobrachium sp. in this 
area. Bloomstein et al. (977) provided a guideline for profitable 
investment in shrimp farming . Roberts and Bauer (1978) discussed the 
economics of HacrobrachiuDJ production in grow-oul po nd s in Soulh 
Carolina; they concluded that even though ne t r eturns were s mall , it 
was too early to predict on the feasibility. According to Klemetson and 
Rogers (985), additional investigation is needed to de te rmine the 
viability of prawn culture in temperate areas. Godifriaux et al. (1978) 
investigated on the potential for culturing both HacrobrachiuDJ and 
rainbow trout in power plant waste water. Some other note worthy 
publications regarding Hacrobrachium farming, whic h have applicability 
in shrimp farming, are those of Sandifer et a/. (982), Shang (982) 
and Liao and Smith (983). 
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Allen and Johnston (1976) developed a model to predic t the 
feasibility of lobster culture. However, the model whe n applied to the 
data from prawn farms in Hawaii, was not successful. The "mystique of 
the pond" or the poor understanding oC the processes occurring in the 
pond, was suggested as the reason for the inefficiency of the 
application of the computer model for freshwater prawn production 
(Klemetson and Rogers, 1985). Computer simUlation models have been 
developed for estimating the number of prawns in c ulture systems (Huang 
et al., 1976), modelling of prawn production in ponds (Morita, 1977) 
and for management economics for shrimp farming (Stamp, 1978). The 
application of computer studies in Ilquaculture has dis tinct ad vantages 
in the design of aquaculture facilities that will benefit manage me nt, 
reduce operational costs and e liminate tl'ial-and-e rror pond management 
(Qrth, 1980). 
Madewell (1970 and Walker and Baake r-Arkema (1975) have 
considered the economics of catfish production in the United States, 
the techniques and parameters discussed by them are applicable to 
shrimp production in grow-out ponds. Hirasawa and Walford (979) 
studied the economics of Penaeus japonicus farming. Pond preparation 
strategies and budget analysis for penaeid shrimps have been disc ussed 
by Johns at al. 0981}- The model developed by Klemetson and Rogers 
0980 on the mainte nance of aquaculture pond tempe rature ( MAPT) 
provides information on the relation bel ween climatic conditions, heal 
inputs and prawn productivity potential. Pardy e { 111. (1983) made a 
• 
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preliminary analysis of stocking strategies for penaeid shrimp c ulture 
and they reported that the growth of P. styJirostris was more sensitive 
to stocking density than that of P. vannamei. A pre liminary economic 
analysis of polyculture in shrimp ponds has been conduc t ed by Sadeh et 
al. (1983) . 
Hirasawa 0985, 1988) published extensive r eports r egarding the 
economics of shrimp culture in Asia. Wyban et al. <t987b) r e ported o n 
the design, operation and comparative finan c ial analysis of shrimp 
farms in Hawaii and Texas; the y suggested that producers should work 
towards increasing shrimp survival, number of c rops pe r year, stoc king 
density and market price, rather than trying to save on cost items. 
Wyban et al. (988) who studied the shrimp yield and economic pote ntial 
of round ponds, reported that the round pond design and management 
yield high shrimp growth rates and produc tion. Smith and Lawrence 
(990) reported on the economic feasibility of penaeid shrimp c ulture 
in inland saline ground water-fed ponds in Texas; the resulls of lhis 
study suggest that saline groundwater· in soulhern Texas can be used for 
the culture of P. vannamei. Yahaya (990) analysed the economics of 
brackish water shrimp culture in Peninsular Malaysia. He concluded frOID 
the results of this study that incrp.ased produc tion from the farms 
could be achieved through improved c ulture techniques, efficient 
management practices and cost-cutting strategies. Lambregls e t al. 
(1991) compared semi-intensive, intensive and very inte nsive prod uction 
strategies for shrimp farms of various sizes in Texas; they concluded 
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that the semi-intensive strategy is c lear ly a belle r c hoice than the 
other two. DeSilva and Jayasinghe (1993) s tu died the t echnology and 
economics of small-s(,,ale shrimp farms in Sri Lanka; they suggested that 
more careful considerations in sile se lection. improveme nts in pond 
preparation and manage ment proced ures and substitution of imported 
feeds with low cost feeds are important fo r belle r economic r e turns and 
future viability of small-scale shrimp culture industr y in Sri Lanka. 
Some other noteworthy studies in lhe field of shrimp culture 
economics are those by Huang et al. (1984 ), Griffin et al. (1985), 
Hanson at al. (1985), Israel e t al. (1985), Sandifer and Baue r (1985), 
Hatch et aI. (1987), Posadas (1988) , Primavera (1989) and Fast a t al. 
(1990) . 
Models in aquaculture try to provide answers to the questions of 
economic feasibility, opLimal system des ign , opLi mal method of 
operations and research d irec tions . Like many other biological 
production systems, aquaculture is a dynamic and probabilistic procesll. 
During the production process, the growth and survival rate of an 
animal depend primarily on management inputs and environmental 
conditions. Profitable operations can be only achieved through belte r 
understanding oC the relevant e lements, as we ll as their 
interrelations, in the entire production process. This is not an easy 
task Cor any producer to perform without t he assistance of a proper 
tool. A system analysis that can integrate all these important e le me nts 
and help the producer locate the optimal course of ac tion will 
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contribute to the success of the operation. In the e ndeavour to develop 
such an integrated analysis , collaborative efforts of biologists and 
economists have erected a new class of analysis called bio-economic 
modelling (Shang 1990). Basically, it integrates a biological model 
into an economic analysis . 
Several system models have been developed for operational 
management and system design of shrimp culture facilities. Barbieri and 
Cuzon (1980) used linear programming to deter mine the optimal 
nutritional level of P. japonicus. The Texas A & M group has developed 
a rather extensive shrimp simulation model for the purpose of providing 
year to year financial situations of a proposed facility (Adams at RI. 
198Da, b; Griffin at aI., 1981, 1984). An excelle nt aquaculture 
modelling text was written by Allen at a/ ((984). Karp at al. ((986) 
used a dynamic programming model to dete rmine the optimal stocking anti 
harvest rates of P. styJirostris. Leung at al. (1989) and Hochman at 
al. (1990) extended the stochastic growing inventory model to analyse 
the optimal - harvesting schedule for pe naeid shrimp production in 
Hawaii. Leung and Rowland (1989) developed an e lectronic spread-sheet 
model for financial evaluation of shrimp production. This model 
provides a comprehensive analysis of the major phases of s hr imp 
production including maturation , hatchery, nursery find grow-out pond s. 
Leung and Shang (1989) developed a computer operational bio-economic 
model for assessing the economics of aJternative pond manage ment and 
marketing strategies for p rawn production in Hawaii. Cac ho ( 1990) 
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reported on bio-economic simulation programme (AQUASIM) for calfish 
production. Condrey (991) made a J'ev ie w of s hrimp populatio n models 
and management, and reco mme nded strategies for e nhancing the yie lds. 
There are only very few stud ies on the economics of aquaeulture 
systems in India. Dhondyal and Singh (1968) sludied the eusl-be nefil 
ratio in inland fish culture. Raje and Ranad e (980) studied the 
economic implications of shrimp far.ming. Thp, y showed that two 
c rops/year are possible with P. merguiensis and r ecommended the 
establishment of more hatcheries. Reddi (980) work ed out the economics 
of shrimp farming in Karnataka State. He r e porled a produc tion of 260 
kg shrimp/ha/year and suggested that using artific ial feed may furthe r 
. increase production. Gopalan e t al. (1980) studied lhe economics of an 
improved method of paddy fie ld shrimp c ullure in Vypee n Islands, 
Kerala. The results of this study showed thal lhe improved mel hod of 
operation is economically more advantageous than the traditional one, 
even thuugh the farmer has to incur more inilial in veslme nl. An overall 
r eview of the economics of lraditional s hrimp c ulture in coastal 
Karnataka was made b y PHi at al. (982). These workers r eported thal 
the traditional shrimp farming in this Stat" is highly profitabl e . 
Srivastava at al. (983) repor ted on the econo mies of brac kishwale r 
aquaculture in India. Jayarajan et a/. (987) analysed tbe economics of 
shrimp farming in Andhra Pradesh. They suggested that a we ll-knil and 
co-ordinated apprOB.ch ensuring timely and ad equate availability of 
inputs such as quality seed feed, equipme nl, c r edit, c hemicals etc., is 
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needed to enhance the production. Jose " I al. (1987) studied the 
feasibility and economic viability of se lective culture of P. indicus 
in Kerala. The results of the study showed that selective c ulture of P. 
indicus in 'pokkali' fie lds is muc h more profitable lhan lhe 
traditional method of prawn filtration, both in te rms of yie ld and 
economy. Purushan (987) reported on the econo mic s of traditional 
shrimp farming in Kerala. According to him, to realise more poroduction 
and monetary returns, the far mars must shift from the traditional 
farming practice to monoculture of desirable s pecies. In 1989, 
Sathiadas and coworkers evaluated the econo mics of paddy integrated 
pra wn farming in Kerala. They r eported that the total prawn prod uc tio n 
decreased as the distance of the farm from the ' bar-mouth' incr eased . 
Ajithkumar (1990) who evaluated the economics of semi-inte ns ive P. 
indicus farming in Maradu , Ke rala, reported lhat by incr eas ing lhe 
application of certain inputs, the net prof it can be maxi mised. 
Jayagopal (991) r evealed that the production of P. monodon in 
semi-intensive s ystems of Kannamaly area of Ke rala is influe nced by t he 
inputs such as seed , feed , labour and the area of cu lture ponds. The 
input-output relation indicated that the use of all inputs should be 
increased to maximise the profit. Nasser and Noble (1992) r e ported on 
the economics of extensive prawn c ulture syste ms in Vypeen Islands, 
Kerala, with emphasis on some little-kno wn facts , mainly soft-she ll 
disease and predation proble ms among the fa r med s hrimps. Us harani e t 
a l. (993) analysed the economics of semi-inlensivo shri mp farming in 
\ 
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coastal Andhra Pradesh and reported lhat the resource utilisation is 
not optimal and there is further scope for increasing the r esource 
utilisation efficiency. 
The general procedure for discussing lhe economics of production 
is similar , though each study is unique and based on c riteria for a 
given geographical location. The economic feasibility r eported in lhe 
studies varies since some are round-the-year cullure systems, whe r eas 
the growing seasun in tempe rate areas may be aruund six munlhs. III 
addition, the methods of harvesting, marke t pri"es, feed "onve rsion 
ratios and other factors may vary from location lo localion. These make 
mf'.aningCul comparison of the results r eporled by variou s workers 
difficult, if not impossible. 
This part of the present study aims at anal ysing the economics of 
the small-scale semi-intensive shrimp farming being practised in Kerala 
by using the Cobb-Douglas production funclion analysis, and lo 
providing feed back information on lhe profitability of field 
situations oC the culture practice and on lhe allocation efficiency of 
inputs used in this shrimp farming system. 
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Materials and Methods 
The data on 36 culture operations were collected with suitably 
structured and pretested schedules (Annexure) The values we re 
calculated on per hectar e basis. The influence of six Dlajor inputs 
(area of pond. stoc king de nsity . feed cost. labour c harges. cost of 
eradication and amount of fertilization) on lhe prod uc tio n of s hrim p 
was worked out by regression analysis . 
Input-Qutput ratio was estimated as follows 
Gross r et urn s (Rs.) 
Input-Qutput ratio = ----------
Total costs (Rs.) 
Feed and operating cost ratio: This ratio shows the contributio n of the 
cost oC all types oC feeds used in the farm to the total farm operating 
cost. 
Feed cos ts ( Rs.) 
Feed and operating cost ratio = 
Operating cost eRs.) 
Seed and operating cost ratio: Bow mu c h the cost of the stocking 
material .. add to the total cos t of operating t he s hrimp farms. is 
indicated by the ratio. 
Cost of stocking materia l (Rs.) 
Se~ and operating cost ratio = 
Operating cost (Rs.) 
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Labour charge and operating cost ratio: This "'as calc ulaled as follows. 
Labour charges (Rs.) 
Labour c harge and operating cost ratio = ----------------
Operating cost (Rs .) 
Cobb-Douglas production function was worked out to find out the 
bio-economic relation oC various inputs on the output. The production 
function is algebraically expressed as, 
Y = a 
where Y = the average production in kg (or ou tput), a = a constant and 
X I ... Xe = the six input variables: 
XI = Wate r area in hectare 
X2 = Sloe king densily (No.lha) 
X3 = COst of feed (Rs.lha) 
X4 = Labour c harges (Rs.lha) 
X5 = Cost of eradication (Rs.lha) 
Xe = Fertilization (kg/ha), 
b l ... be = the elasticities oC production inputs XI to XS ' 
The coeCficient oC each variable was tested to find oul the level 
oC significance employing the l-test. The mean value for output and the 
economics oC scale was worked out. 
Economic optima can be calculaled by using the esti maled 
production function by comparing the benefils of adding units of inputs 
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to the additional cost of these inputs. The marginal physical product 
(MPP) represents the additional yield and it is ex pressed 
mathematically as the partial derivative of the production function 
with respect to one particular indepe ndent variable, or 
MPP 
x 
= 
y 
b 
x 
where, y = geometric mean of output 
x = geomatric mean of input X 
b = partial elasticity of input X 
The value of the marginal product (HVP) of an input variable is 
calculated by multiplying MPP of that input by the unit price of the 
product, 
MVP 
x = 
where, MVP = value of. marginal product of input variable X and p = 
x Y 
unit price of output. 
MVPx' when compared with the unit cost of input X (= P) x 
indicates whether the level of input use is at that level which 
maximises profit. If the MVP x exceeds P x then profit can be increased 
by additional input use. The profit maximising level of input usage is 
reached when MVP = P . 
x x 
An alternative formulation of the conditiun for prufit-maximising 
input use is MPP x 
P 
= --~, which explicitl y ifldicates the importance of 
Py 
the relative input-output prices. This eq ua tion stales thal as long a s 
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the additional input is increasing yield faster lhan the ratio of ils 
price to the price of outpul, furlhe r inlensificalion will inc rease 
profit. 
The r elevant methods for lhe anal ysis of econo mics were adopted 
from Shang (990) . 
Results 
The general economi9s variables r e lating to the small-scale 
semi-intensive shrimp farming in back water sysle ms of Ke rala Stale are 
summarised in Table 12. 
On an average, the total cost of production pe r hec tare was Rs. 
72,420.00. The largest component of the operational cost was feed cost 
(35:1;), the next major items being the laboor charge~ (27:1;) follo wed by 
seed cost (20:1;). On an average, the yield obtained per hectare was 
959.20 kg shrimp. The gross and net incomes were Rs. 1,40.026.00 and 
Rs . 67 ,606.00. The production cost per kg of shrimp was Rs.75.50; the 
price realisation of the produc t was Rs.146.44 per kg. The inpul-oulpul 
ratio ( == cost-benefit ratio) was 1.93. This means lhal . for ever y 
rupee invested on shrimp production, the additio nal r e lurns realised 
was Rs. 0.93. 
The results of the pro<..luction fUnc t ion Anal ysis are g iven in 
Table 13. 
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The Cobb-Douglas produc tion function was, 
y 
0.14 
= 0.006036 X I 
An examination of the e lasticity coefficients r evealed that three 
variables-stocking density , cost of feed and labou r charges-were 
statistically significant and positive at 0. 1% , I % and 5% levels, 
respectively. The eHect of eradication charges , area of the po nd and 
the amount of fertilizer applied on yield we r e not significant. The R2 
was 0.91 suggesting that the selected six variables in r eg ression 
indicated a good fit and explained upto 9 1% of the variation in the 
production. Cobb-Douglas production function was analysed with the 
three significant variables (stoc king d ens it y . feed cost and labou r 
charges) and the R2 obtained was 0.88 . The resu lts of this analysis 
suggest that these three significant inpuls ex plained upto A8% of t he 
variation in the output. . 
There was significant positive corre latio n be tween s locking 
density and production (r = 0.88; P ( 0.001). The coeffic ie nt of this 
variable was 0.82 whic h indicates that, whe n the othe r inputs are he ld 
constant, 10% increase in stocking d e nsit y would r esult in 8.2% 
increase in yield . The positive value of all the coeffic ie nts itself is 
an indication that increase in production is ac hievable by increasing 
the inputs included in the model. 
The other two significant variables we r e feed cost and labour 
c harges. The coefficient of feed cost was 0 .26 impl y in!l thaL 10% 
increase in feed cost would make 2.6% inc r ease in total output. The 
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coefficient of labour charges suggested that 10% incr ease of the labour 
charges would increase the production by 1.4%. The other three 
variables_rea or the pond. cost of eradication and t he amoun t of 
fe rtilization-did not have any s ignificant bearing on production. 
The overall economics .character istics of t he t hree sig nificant 
inputs identified in the stud y are summarised in Table 14. 
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TABLE 12 
The general economi cs va r iabl es of lhe sma ll -sca le, 
semi- intensi ve, monocu l ture of tiger shr imp in 
bracki shwater ponds of Kera la Sla t. e 
Average pond areA. (ha) 
Average stocking 
density (No./ha ) 
Average survival rate (%) 
Average feed cost (Rs. / ha ) 
Average seed cost (Rs .Iha) 
Average labour charge ( Rs .Iha ) 
Average production (kg/ha) 
Average gross income (Rs . /ha) 
Average operating cosl (Rs. / ha ) 
Average net income (Rs . /ha ) 
Average cost of 
production (Rs ./kg) 
Average cost of product (Rs./kg ) 
Average cost of seed (Rs.llOOO) 
Average cost of feed (Rs./kg) 
Input-output ratio 
Feed and operating cos t rat io 
Seed and operating cost rat io 
lAbour charge and opera li ng 
cos t rat io 
= 0 . 117 
= 63, 11 6 
= 50 . 20 
= 25,626 .00 
;:: 14 ,803.00 
;:: 19, 720.00 
= 959 . 20 
=1,40 ,026.00 
;:: 72, 420.00 
;:: 67 ,606.00 
= 75 . 50 
= 146. 44 
= 234 .50 
= 16. 42 
= I. 93 
= 0. 35 
= 0 . 20 
= 0 . 27 
TABLE 13 
Esti ..... ted Cobb-Douglas prcxluction function tor tiger shrimp prcxluction in smail - scale, 
semi-intensive, monocu l ture, brackisbwater systems of Kerala State 
Intercept = 0 . 006036 
Inputs 
R2 = 0.91 
Area Stocking Cost of l1lbour Eradicat ion Amount of 
Ne t prcxluc tion = 959.20 (ha) densi ty feed charges charges fert iii zat ion 
(kg/ha) (No./ha) (Rs./ha) (Rs./ha) (Rs./ha) (kg/ha) 
Prcxluct ion 0 . 14 0 . 82 0 . 26 0.14 0.009 0.07 
coefficient 
Standard error 0.098 0.224 0 . 086 0.066 0.005 0.072 
t-value 1.43 3 . 67 3 . 02 2.12 1.8 0 . 10 
Significance level NS P < 0. 001 P < 0 .01 P < 0 . 05 NS NS 
Input means 0.87 63, 116 25 ,626 19 , 720 696 . 50 344.95 
NS = Not signifi cant 
-o 
".. 
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TABLE 14 
The overall economics characteristics of the three significanl 
inputs, cost of seeds, cost of feed and labour charges, 
in the small-scale, semi-inlensive, monocullure of 
tiger sl~imp being practised in Kerala Slale . 
(Unit price of output (Py) = Rs. 146.44/kg) 
Input Px Px/Py HPP t1VP RecOfm)-
(Rs. ) (Rs. ) (Rs. ) endat ion. 
Seed cost 234.50/1000 1.60 12.36 1810.0011000 I 
Feed cost 16.42/kg 0.11 0.16 23 .43/kg I 
lAbour charges 50.00/rnan- 0.341 0.3415 50.01 / man- S 
day day 
• I = Increase input t'? illcrease production 
S = Stop input increase; profit maximising leve l reached 
HPP - Hlirginal Physical Product (see text) 
t1VP - Val ue of Hlirg ina I Product (HPP x Py) 
P. - Unit price of input 
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Discussion 
The tiger shrimp, Penaeus monodon, is one of the most suitable 
species of shrimp for semi-intensive and inle ns ive c ullivaLio n because 
it is a euryhaline omnivore that has a relatively fast growth rate and 
tolerance for a wide range of temperatures (Che n et a/., 1989a). 
Chen et a/. 0989b) reported 8.7-21 to nnes/ha/c r op fo r P. 
monodon in intensive systems in Taiwan, and Yahaya (1990), 2.58 
tonnes/ha/crop in intensive systems and 1.71 tonnes/ha/c r op in 
semi-intensive systems in Malaysia. Bombeo- Tuburan e t a/. ( 1993 ) 
reported a production of 59 to 124 kg/ha/c r op for P. monodon in 
extensive culture systems of Philippines. 
In India Sundararajan et a/. (979) achieved an ave rage we ighl 
of 32.2 g and a production of 514 kg/ha in 80 days at a slac king 
density of 20,000 PUha. Venkelesan and Bose (1982), in the same farm, 
obtained an average final weight of 24 .6 g and producLion o f 498.2 
kg/ha in 90 days at a survival rate of 81% and an initial stoc king 
density of 25,000 PL/ha. In pen culture of P. lUonodon al Killai, Tamil 
Nadu, Kasim and Bose (985) obtained an average produclion of 435 kg / ha 
in 100 days at a stocking density of 20,000 PU ha. ChakraborLi e t a/. 
(986) used lime, poultry manure and fe rtilizer s, adopled a s lac king 
d e nsity of 40,000 PL/ha and fed lhe s hrilllp wilh pell e ted fee <.I wi t h " 
protein content of 46%; they r ealise<.l a p l'oduc tio n of 250-329. 3 
kg/ha/crop and a harvest size or 2 1.6 l o 20. 1 ~ . )n Alldhrn. Prl.l.drs h , U 
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stocking rate of 75 ,000 seed/ha of P. monodon has y ie lded a prod uc tion 
of 1,400 kg/ha/crop (Anon, 1989). Surendran et al. (l 99!) r e por ted a 
maximum production of 6 tonnes/ha/c ro p of P. monodon in Nellor e 
District of Andhra Pradesh. Usharani et ... 1. (1 993) re purled 943.97, 
1,232.97 and 1,161.21 kg/ha/cr op for P. Illonodon c ultured in s ma ll , 
medium and large farms in Andhra Pradesh , I nd ia. 
Mathews (1986) , who studied the compa ra tive econo mics of the 
traditional and semi-inte nsive shrimp culture sys te ms in Kerala, based 
on an experimental culture, r e ported that although mu c h diffe rence in 
production was not observed be tween the tw o s ys le ms , the profil per 
hectare was substantially high in se mi-inte ns ive c ulture. Jose et al. 
(1987) reported on a productio n of 552 kg/ I", of lhe whi te s hrim p, P. 
indicus, in 83 days in certain select ed cu ltu r e syste ms of Kera la . 
Ajithkumar (1990) has reported a productio n of 820.6 kg/ha/cr op ill the 
semi-intensive culture farms of central Kerala. An average product ion 
of 738 kg/ha/crop has been r e por led fro lll Kanna ma ly , Kerala, b y 
Jayagopal (I 99!). 
In the present study lhe a verage produ (;lio n was 959.20 kg/ ha , 
which is higher than the values r eported fr om Kurala b y Aj ith kuDlar 
(1990) in Maradu and Jayagopal (992) in Ka nna ma ly and from s mall-s(,Alle 
se mi-intensive farms in Nellor e . Andhra Pradesh , by Usharani el a/. 
(993). 
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Usharani et al. (993) , based on their studies on shrimp farming 
in Nellore, Andhra Pradesh , reported a cost-benefit ratio of 1.28 for 
small semi-intensive farms. In the present study a hig her ratio 0.93) 
was obtained suggesting that the present system of semi-intensive 
shrimp farming in Kerala is highly profitable. Usharani et a/. (t 993) 
further reported the average cost of prod uction pe r kg of shrimp as Rs. 
93 .66 in small farms in Nellore. But in the present s tudy this was as 
low as Rs. 75 .50. The total cost of production pe r hectare in Nello re, 
reported by Usharani and co workers is also cons iderably hig her (Rs . 
88,411.24) than in the present sutdy (Rs. 72,420.00) . Evidenll y, the 
small-scale semi-intensive farming of P. monodon in Andhra Pradesh is 
more capita1 intensi ve than in Kerala; conver sely. the profit 
realisation in shrimp c ulture is high in Ke rala. 
The large!::lL component or th e o)lpraliorHl l ('o~ l~ WtiS ft.'j 'd ill lilt' 
present study (35%) . In Andhra Pradesh this (;ompone nt for med 56.89% of 
the total operational cost. Posadas (1988 ) r eported a feed and 
operating cost ratio of 0.60 (60%) for semi-inte ns ive s hrimp fa rming in 
Philippines. This item accounted for 29% and 22% of the operating costs 
of tiger shrimps farming in Taiwan and U.S., r especti vely (Fast et al. 
1990). 
The next major item was labour c harge in Kerala (27%), but in 
Andhra Pradesh it was seed cos t; in Andhra Pradesh the human labour 
compone nt was only 4.78% of the operatio nal cosL. I."bo llr a nd operatin!( 
cost ratio was as low as 0 .03 (3% of the tota l cost) in Phil ippines 
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(Posadas, 1988). In Hawaii the labour cost was 22% of the lotal 
operating costs. The gross and nel incomes o n an average were 
Rs.l,13,276.40 and Rs . 24,865.16 , r espective ly for s mall farm s in 
Andhra Pradesh . In the prese nt s tudy , the respec tive values we r e Rs. 
1,40,026.00 and Rs. 67,606.00. In Andhra Pradesh farmers are using 
im ported pelleted feed whic h is costlie r lhan t he indi ge nou" (boUt 
natural and formulated) feeds used in Kerala . 
The r esults of lhe production function ana lysis s ho wed lhal three 
inputs-slocking de nsily (= ~eed cost), feed cost and labou r 
charge~-were significant, and lhat inc r easing the I1pplication of lhe~e 
three inputs could substantiall y increase productio n . • , 
These r esulls are simi lar lo lhose r " porlcd b y Ajilhkunmr (1D90) 
in Maradu and Jayagopal (l99!) in Kannamal y for semi-inle nsive s hrimp 
farming in this State; in these studies a lso lhe significanl inpuls 
were the costs of seed, feed and labour . 
The feed cost (r = 0.86; P ( O.OO!) and labour c harges (I' = 0.78; 
P ( O.OO!) were significantl y correlated with production. This r esu lt 
is in agreement with that obtained by Chen et Ill. (l989b) and Jayagopal 
(l99!) for the production of P. OJonodon. In the presenl s tudy the su m 
of the coefficients of the input variab les was 1.4 39, which is more 
than unity. This high value implies that doubling a ll the in puls will 
increase the oUlput more than twice. 
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Although seed productio n is no longer cons ide r ed a t echnical 
constraint in shrimp culture , s eed s till is a major operation cosl. The 
seed and operating cost ratio was 0.22 (22%) in se mi-inte nsive s hrimp 
culture s yste ms in Philippines (Posadas, 1988) . It formed 35% a nd 27% 
of the operating costs in Taiwan and Ha wa U, r espec ti vely (Fast "t a l. , 
1990). Usharani at al. (1 993) reported tha t the (Oost of seud is 10.78% 
for the s e mi-intens ive farms in Andhra Prarles h . Bu t in t he prese n t 
study the cost of s eed was muc h h ig he r -2m, of the lotal production 
cost-, which is attributable to the fac t that s h r im p seed fo r far ming 
in Kerala mainly comes from othe r States unlik e in Andhra Pradesh whe r e 
it is available locally , both fro m hatche ries a nd fro m the wild. Wild 
seed is much cheaper than the hatc hery produced ones, especiall y whe n 
it is locally available at or around the farm s ite as it is in And hra 
Pradesh. Further, since hatche r y produced seed is al so a vaila ble 
locally in Andhra Pradesh, cost of tra nsportation of seed is 
substantially less in that State. Evidently , cost of trans portation of 
s eed and non-availability of wild s eed in Kerala State are the factor s 
that added heavily to this input in tige r s hr imp fa rming in this State. 
Further, the transportation stress might be (Oont,. ibuting to mortality 
of s eed. Thus the r e is an urge nt need for establi s hing mor e s hrim p 
hatc heries in the State for making s e mi-in tensive s hr imp fa rming in 
Kerats, economically more r e war d ing. 
III 
Comparison of the MVP and the unit prices of cost of seed, and 
cost of feed suggest that inc reasing these lwo inpuls will yield belter 
production. These results corroborate those r eported b y Ajithkumar 
(990), Jayagopal 0990 and Usharani et ,,/. ( 993). A similar 
comparison on labour charge implied that the labour is in the optimum 
level in the semi-intensive shrimp farming sector of Kerala and it is 
not profitable to increase the man-days to obtain more production. 
The percentage of feed cost in the total production cost, of 
peneted feed was 30.37%; for c lam meat and for c lam meat + dough ball 
it was 36.04% and 34.31%, respectively. This c learly shows that the 
farm-made peneted feed is economically more profitable than the 
conventional feeds in the semi-intensive shrimp c ulture in Kerala. 
Further, from the nutritional point of view al so the pelleted feed was 
found to be much superior to the olher lwo feeds (see Chapter ill). 
Promotion of the commercial production of this pelleted feed is 
recommended . Further, this is expected lo cul down the cost of this 
feed. 
It may be concluded from the results of the presenl sludy that 
the small-scale semi-intensive farming of P. monodoll is highly 
profitable in Kerala and muc h more prOfitable than in similar systems 
in Andhra Pradesh. The inputs have a posilive corre lation wilh lhe 
output and by increasing the two significant inputs (seed and feed), 
production can be substantially increased. But the labour s hows an 
optimum level. Compared to similar produc tion syste ms in Andhra 
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Pradesh, labour charge and seed cost are highe r in Ke rala. But feed 
cost is much less , mainl y because of the indige nous nat.ure of the feeds 
used in Kerala. The farm-made pelleled feed seems to have more 
economical and nutritional value than the conventional feed (clam meat) 
and the conventional feed in combination with compounded dough ball. 
The popularisation of the use of the pelleted feed among entre pre neurs 
is recommended to make the small-scale semi-inte nsive shrimp farming in 
backwater ponds in Kerala a more economically feasible endeavour than 
it is at present. 
SUHHARY 
The tiger shrimp, PenaeuB lDonodon Fabricius, is a fast growing, 
euryhaline, eurythermic, omnivorous, hardy species well known for its 
delicious flesh that is not only very tasty and highly nutritious but 
also of very high commercial value, espec ially In the International 
market. Since the ever increasing demand of this shrimp is hardly met 
by the exploitation of the natural populations, this shrimp is now 
artificially raised in many parts of the world , particularly in the 
tropical southeast Asian countries. On realising the high economic 
potential of P. lDonodon, many e ntrepreneurs in India have, long back, 
. taken to the farming of this shrimp; In Nellore In Andhra Pradesh and 
In Tuticorin in Tamil Nadu P. lDonodon culture is a hectic activity. In 
Kerala State artificial rearing of shrimp is an age-old practice. But 
till recently, the only shrimp farming activity of this State was the 
traditional system of "prawn riltration "- e ntrapment of juvenile 
shrimps, during October-April period, brought by the tide water Into 
the low-lying 'Pokkali' rice fields adjoining the Vembanad Lake, and 
harvesting them at regular intervals. This crude traditional method, 
even though still in vogue, of late there is heightened Interest and 
activity for farming P. lDonodon In smail- scale , s e mi-intensive , 
monoculture systems connected to the exte nsive bac kwater spread, 
particularly In the central parts of the State. The prese nt stud y was 
aimed at analysing the bio-economics of P. lDonodon farming now being 
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practised in Kerala State, as there has hitherto been no serious 
attempt at making such a study . Detailed analyses of the following 
aspects were made in this study . 
1. The physico-chemical features of the small-scale, semi-intensive 
tiger shrimp culture systems. 
2. The growth and production of tiger shrimp in selected semi-
intensive, monoculture systems. 
3. The evaluation of the efficacy of certain supplementary feeds, 
both natural and formulated, that are being used by shrimp 
farmers of this State, on the overall performance of shrimp in 
these systems . 
.4. The economics of the small-scale, se mi-intensive, tiger shrimp 
far ming in this State. 
For the study three regions were selected from the two central 
districts, Alleppey and Ernakulam: Pallithode in Alleppey and Chellanam 
and Kannamaly in Ernakulam. From each region three ponds whic h had 
similar management practices were chosen. 
In the selected three regions, sufficient salinity prevailed for 
8-10 months enabling two culture operations per year. The study was 
conducted during 1991-92; altogether 36 culture operations, each 
extending for a period of 120 days were studied. 
The area of the ponds selected ranged from 0.5 ha to 1.0 ha. 
Drying the pond bottcm, eradication of pests and predators (it needed 
with mahua oil-cake, ammonia gas, or lime + ammonium sulphate), liming 
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(1()()-6()() kg/hal and fertilization with organic (cattle manure = 200-500 
kg/hal and inorganic fertilizers (super phosphate, musooriphos, 
ammonium sulphate, or urea either solitarily or in combination = 20-75 
kg/hal and water management were carried out in all the ponds. Only 
hatchery reared seed (PL 20), mostly transported from other States, was 
used for stocking. In all the three regions seed was directly 
introduced into the grow-out ponds, either into hapas in the ponds or 
in a nylon-net-secluded 'nursery' part of the pond. Three types of 
supplementary feeds were used by the farmers: clam meat (in all the 
three regions) clam meat with dough ball (in Chellanam and \(annamaly) 
and farm-made pelleted feed (in Pallithode alone) . Water exchange rate 
. was about 5-10:1: per day which was increased to about 20:1: towards the 
end of the culture period. 
For the analyses of the physico-chemical parameters, fortnightly 
collections of water samples were taken Crom the ponds and the 
following parameters were determined. Water temperature, pH. salinity. 
dissolved oxygen of surface and bottom water, total alkalinity. 
nitrate-No nitrite-No ammonla-N and reactive phosphorus. In addition. 
air temperature. soil temperature. soil pH, Secchi disc visibility and 
depth ot the ponds were also measured. Standard methods were employed 
tor the determination of the physico-chemical parameters. 
Because of the practical difficulties in procuring seed from all 
the selected ponds at the time of stocking. 120 post-larvae (PL 20) 
were collected from a hatchery and their average length and weight were 
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determined. The average length was 1.40 cm and the average weight, 
0.060 g; thiB was reckoned as the size at slocking for all the 36 
culture operations. On the 30th day of slocking, and thereaCter aCter 
every 15 days, 40 specimens were collected randomly from each pond and 
their average length and weight were determined. 
Average dlli1y length and weight gain, instantaneous growth, 
biomllss increase per day and survival rate were estimated by using 
standard procedures. Length-weight relations of shrimps fed the three 
supplementary feeds were worked out by simple linear regression 
analysis using the linear for m of the relation W oc L n, log W = log B + 
n log L. 
Three supplementary feeds were used by the farmers: fresh meat of 
VBlloritB cyprenoidBs var. cochinBnsis (clam meat), clam meat + 
compounded feed (dough ball) and a farm-made pelleted feed. The 
protein, fat and carbohydrate contents of the feeds and their gross 
energy and protein to energy ratio (PIE ratio) were determined. The 
Apparent Feed Conversion Ratio (AFCR) and the Feed Conversion 
Efficiency (FCE) were also determined by using standard formulae. 
For the analysis of the economics of tiger shrimp farming, the 
following ratios were calculated. Input-vutput ratio, feed and 
operating cost ratio, seed and operating cost ratio and labour charges 
and operating cost ratio. Cobb-Douglas production function was worked 
out to find out the input-vutpul relation. Economic optima were 
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calculated by using the estimated production function by comparing the 
benefite of adding units of inputs to the additional cost of the 
inputs. 
The results of the study may be summarised as follows . 
1. All the physico-chemical parameters in the three regions were 
well within the tolerance limits for the species and conducive 
for tiger shrimp culture. The results of ANOVA test revealed that 
all the parameters except air temperature, water temperature, 
salinity, DO of surface water, nitrite-N, ammonia-N and Secchi 
disc visibility differed significantly between the three regions. 
Therefore, the water quality parameters of the ponds in which the 
three different feed types were used, were compared statistically 
(ANOVA). The results showed that of the nine water quality 
parameters only pH, alkalinity and ammonia-N differed 
significantly between the treatments (feed types). 
2. The results did not reveal any consistent correlation bet ween 
water quality parameters and shrimp survival, growth, or biomass 
increase, suggesting that the overall pe rformance of shrimp in 
the 36 culture operations in the three regions were not, or were 
only minimally influenced by the water quality parameters. 
3. The stocking density ranged from 40,000 to 100,000 PL/ha (mean = 
63,116), survival rate ranged from 38 to 58% (mean = 50.21%) and 
the prodUction ranged from 560 to 1536 kg/ha per crop (mean = 
959.20 kg/ha). 
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4. The average final length and the average final weight were 15.10 
cm and 30.23 g, respectively. Mean biomass Increase was 95.38 
g/m2 tor 120 days at the rate ot 0.795/m2/day at an average 
2 
stocking density of 6.31 PLlm . The average growth rate was 0.252 
g/day per animal. 
The higher growth rate and the better overall performance ot 
tiger shrimp noted in the present study than in most other 
similar studies trom other regions for the same species or tor 
other species of penaeids, are attributable to the combined 
eftect ot supplementary teed and fertilizer applied in the 
systems. 
5. The protein content oC tresh clam meat (52.60'0 was higher than 
that ot both clam meat + dough ball (40.15-49.79X) and the 
pelleted teed (35.27X). 
The dough ball contained two protein sources (ground nut oil 
cake and rice bran) and the pelleted feed, four (squilla powder, 
rice bran, shrimp head and ground nut oil cake). All the protein 
sources in both the teeds were ot local origin. Further, the 
pelleted teed contained chitin, cod liver oil and palm oil also. 
The dough ball had a moisture content or about 5OX. The 
conversion ratio ot wet weight to dry weight for clam meat was 4 
: 1 and tor dough ball, 2 : 1. 
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6. Three feed types were used by the shrimp farmers in Kerala: clam 
meat alone, clam meat + dough ball and pelleted teed. The 
important nutritional indices at the three feed types were as 
follows . 
Gross energy PIE ratio 
(kcal/lOO g teed) (mg Prote in/kcal) AFCR FCE 
Clam meat 502.72 104.63 1.70 59.40 
Clam meat + 403.69-480.24 99.48-103.68 1.59 64.94 
Dough ball 
Pelleted feed 295.91 119.24 1.55 64 .51 
Both the AFCRs and the FCEs of the three feeds were not 
significantly different . 
. 7. The production and the biomass increase per day were not 
significantly influenced by the feed types. However, the mean 
final weight of shrimp achieved with the three feed types 
differed significantly. The results ot Newman-Keul multiple range 
test (SNK) showed that the pelleted teed was superior to the 
other two feed types in realising significantly higher mean final 
weight of shrimp. 
Fresh clam meat, the traditional supplementary teed used by 
shrimp tarmers in Kerala though on its own is a good 
supplementary teed for farm-raised shrimps, is interior to the 
farm-made pelleted feed used in the present study. This is 
attributable to the high gross energ y of fresh clam meat 
resulting in its under utilisation by the shrimp leading to low 
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intake of food and consequently, deficiency of essential 
nutrients. 
The results of the present study also showed that the 
combination of clam meat and the unscientifically formulated 
dough ball was no better than clam meat alone as supplementary 
feed . However, when there is shortage of c lam meat, the combined 
feed may come in handy not only to keep up the production at the 
same level as that with clam meat alone bu t also to help the 
farmer gain, though only marginally, on feed cost. Improving the 
quality of the dough ball by adding/changing the ingredients and 
reducing the present level of 50% moisture content, may improve 
the efficacy of the feed . 
8. The lowest AFCR (1.55) as well as the highest growth (mean final 
weight = 31.60 g) were achieved with the pelleted feed used in 
this study. The PIE ratio was also the highest for pelleted feed 
(119.24 mg protein/kcal). The higher efficiency of this feed is 
because of, 
m the better amino acid balance in the feed by virtue of the 
presence of four different protein sources of local origin, of 
which two are marine, 
(Ii) the presence w-3 and w-6 poly unsaturated fatty acids by 
virtue of the incorporation of cod liver oil and palm oil in the 
feed and 
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(iii) the presence of chitin (shrimp head and squilla powder) in 
the feed, which improves its palatability, fulfills the shrimps 
requirements of chitin substrate and supplies ample quantity of 
calcium for rapid growth. 
9. The length-weight relations of shrimps fed each feed type in each 
region were worked out. 
The results showed that the length-weight relations of 
shrimps fed clam meat alone in the three regions were 
significantly ditterent from each other. The same was true for 
the two regions where clam meat + dough ball was fed. Pelleted 
feed was used only in Pallithode. In all the cases the dependence 
of weight on length was statistically highly significant. 
The length-weight relations of shrimps fed the three feed 
types (ignoring the regional differences within the treatments), 
revealed that the slopes as well as the elevations of the three 
regression lines were similar . Hence, a weighted or common 
regression coefficient (b ) was calculated (b = 2.7387>. The 
c c 
common regression equation derived for the length-weight relation 
of the shrimps cultured in the small-scale, semi-intensive, 
monoculture systems of Kerala is, 
log W = log 0.0154 + 2.7399 log L 
(The 95:1: confidence interval of the regression coefficient = 
2.7399 + 0.1006; standard error of Y intercept = log 0.0154 + log 
0.0523). 
122 
10 Analysis of the economics revealed that the small-scale, 
semi-intensive, monoculture system of P. monodon culture being 
done in Kerala is highly profitable. The average cost of 
production was Rs.7S.50/kg and tho price realisation, 
Rs.146.44/kg. The input-{)utput ratio was 1.93, which is a high 
index in this industry. 
The operating cost is less (Rs .72,420.00) and the gross (Rs. 
1,40,026.(0) and net incomes (Rs.67,606.00) on an average are 
higher for tiger shrimp farming in Kerala than in other similar 
systems in the country. 
II. Cobb-Douglas production function worked out for the six Input 
variables-area ot pond (XI)' stocking density = seed cost (X2), 
feed cost (X3), labour charges (X4), eradication cost (XS) and 
fertilization (X6)-ls, 
Y = 0006036 'X 0.14 X 0.82 X 0.26 X 0.14 X 0.009 X 0.07 
. 1234 S 6 
with af! R2 of 0.91. 
All the elasticity coefficients were positive and they added 
up to 1.439, implying that production can be Increased 
substantislly by increasing the inputs. However, ot the six 
inputs, only three-seed cost, feed cost and labour charges-wero 
significant; up to 88% ot the variation in the output wore 
attributable to these three inputs. Nevertheless. comparison ot 
the values ot marginal product ot the input variables (HVP) with 
the unit cost of the inputs. or of the marginal physical product 
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of the input variables (MPP) with the ratio of the unit cost of 
the inputs to the unit price of the output revealed that the 
input, labour charges, in tiger shrimp farming in Kerala has 
reached the profit maximising level; stocking density and feed 
are yet to reach this level and increasing these inputs can 
substantially increase the production of tiger shrimp in the 
farming systems of the State. 
12 The largest component of the operating cost of tiger shrimp 
culture in Kerala was feed cost (35%) followed by labour charges 
(27") and cost of seed (20"). 
The percentage of feed cost in total production cost, of 
pelleted feed was 30.37"; of clam meat .. dough ball, 34.31" and 
of clam meat, 36.04". Thus, the farm-made peneted feed is 
economically much more profitable than the conventional feed 
alone, or this in combination with the unscientifically prepared 
compounded feed, in the semi-intensive tiger shrimp culture in 
Kerala. Further, from the nutritional point of view also the 
pelleted feed was found to be superior to the other two feed 
types. 
The seed cost in Kerala is high . This is attributable to the 
non-availability of wild seed in the State and, therefore, the 
necessity of transportation of seed from other States because of 
the shortage of hatchery produced seed locally. 
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From the results of the present study the following major 
conclusions are drawn. 
1. The present practice of the small-scale , semi-intensive , 
monoculture of P. monodon in brackish wate r ponds of the central 
districts of Kerala is a highly profitable ent e rprise. 
2. The profit margin can be substantially increased by increasing 
the two inputs, seed (= stocking density) and feed . 
3. Establishment of P. monodon hatcheries to make available e nough 
seed locally can heavily cut down the present high cost of seed 
and this, in turn, can increase the profit margin. 
4. There is an imminent need to popularise the farm-made pe lleted 
feed, as the one used by some farmers in the State , as this feed 
is superior both from the nutritional and from the economics 
points of view. This is particularly true because, 
overexploitation . of the natural resources of Velloril;a 
cyprenoides both for use as a supple me ntar y feed by its own or 
for the commercial production of compounded feeds for use in 
shrimp farming and also for human consumption, will, in the near 
future itse11, lead to acute shortage of the clam and 
consequently, to a drastic hike in its price. 
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ANNEXURE 
SCHEDULE 
Code No. 
Date of Enu meration 
I . Name of the far mer 
2. Address 
3. Area of pond with location 
4. Ownership of pond - owned/leased 
Value of land 
If leased, lease amount length of loose . . . . . . • 
:;. Duration of culture 
6. Year of construction of pond 
1. Average depth of pond (cm) 
8. Nature of soil . . . . . . . . . 
9. Experience In shrimp far ming 
10. Annual income from shrimp farming 
n. Inventory of assets:-
1. Pond 
2. Sluice gates 
3. Pond excavation 
4. Water canals 
5. Others if any 
Acq uisition 
year 
Unil Economic Prevailing 
cosl life market value 
m . Equipmenls: 
1. Pump 
2. Ge neralor 
2 
Purc hase 
value 
3. Feeding equipments 
4. Compressor 
5. Nets 
6. Other (d any) 
IVa Labour requirements/crop: 
Lease 
amount/crop 
Working 
c har ges 
Particulars Famil y Hired Wage/day Total 
wages 
1. Pond preparation 
2. Stocking 
3. Feeding 
4. Weeding 
5. Fertilization 
6. Repair and 
maintenance 
7. Harvesting 
8. Processing 
9. Marketing 
10. others d any 
b. Monthly salary 
Watchman 
others d any 
members 
Total labour charge -
Va Stocking 
1. Source of seed 
2. Average size at stocking: Length ....... . . 
3. Date of stocking 
4. Nursery rearing : Yes/No 
5. Type of nursery Hapa/nursery pond 
6. Stocking Density in grow out ponds: 
7. others, if any 
b . Feeding 
1. Feed material used 
2. Ingredients of feed 
3. Feeding schedule 
Weight .... .. ... . 
3 
4. Others if any 
VI Major inputs costs 
Qty./crop Unit cost Total Cost 
VII 
1. Seed 
2. Toxicants 
3. Fertilizers 
Organic 
Inorganic 
4. Feed 
5. Other' if any 
Harvest: 
1. 
2. 
3. 
4. 
5. 
6. 
Species 
Survival rate 
Duration of culture 
Method of harvesting 
Counts Unit 
price 
Qty. harvested Total number 
Average size: Length (cm) 
VIII Other expenditure iJ. any: 
I. Fuel and oil 
2. Electricity 
3. Water supply 
4. Insurance 
5. Taxes 
6. Others (if any) 
Tolal : 
Qty . 
sold 
Tolal weight 
Weight (g) 
Value 
IX Sou rca of finance 
X 1. 
2. 
3. 
Gross Income 
Expenses 
Net Income 
4 
Amount Hate u f 
interest 
Subs id y Repayment 
